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The TRANSLATOR'S 



PREFACE. 



T is Taid that Prefaces to Books, as well 
as their Title-Pages, are too often guil- 
ty of promifing much more than ever 
the Readers can difeover in them : But 
this (hall not be the Gale here; for 
what I intend to advance in Favour of 
this pf^orkj lhali be as ftmple as its Ti- 
tle. I fhall only fay. That it were to be wifhed, that the 
greateft part of Thofe, who have undertaken to inftruA 
the Public in the various Branches of the PraBical Arts^ 
had been indued with Knowledge or Induftry enough, to 
c[ualify them for the Management of their particular Pro- 
vinces with filch Addrefs, and to fuch ufeful Purpofe, as 
oi;r Author. This is all I need fay, concerning Him or 
his Work j for it would be both vain and impertinent in 
me, to take up your Time with an Encomium upon ei- 
ther,* fince the Authority of Caftmir Simienowicz has been 
formerly, and is ftill, as it were Sacred amongft Pyrobolifts 
and Ftre-Workers I as is particularly evident from His hav- 
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ing been long ago tranflated into the mofl: noted of the 
Ejiropean Languages j and from the joint Concurrence of 
the prefent Judicious in thefe Matters, by the common 
Suffrage of whom he i$ allowed to be the Father of Sound 
and Intelligent PyrohoUjis. 

My Dehgn therefore in this Preface is only to give you 
a very brief Account of this Tranjlatton ,• to which I lhall 
annex a few Lines relating to the Hiftory of Saltpeter^ 
which I fhall borrow from very good Authority j and which 
I promile mylelf will be both New and Acceptable to moft 
of Thole, who apply Themlelves to the Study and Pra- 
ctice of the Mdhary Pyrotechnics, 

This Tranjlatton then was undertaken and compleated 
purely by the Encouragement of Colonel ARMSTRONG, 
the prelent Surveyor-General of his MAJESTY’S Ordnance^ 
Who conlidering with Himfelf, That tho’ our Language 
abounds in Learned Tra^s on almoft all the Subjects that 
are truly Uleful, It is ftrangely defective in luch as might 
tend to the Prclervation of our Liberties, and the Honour 
of oup Armsy amongft our Neighbours j the moft Warlike 
Nations in the World / He concluded that by naturaliz- 
ing the moft celebrated Author in this Kind, a great Step 
would be taken towards recovering our Pyroholijis and Ftre- 
Workers y from the Lethargy they leem to have been 
wrapped in for many Years paftj and towards excitiftg 
Them to an Emulation of their Glorious Anceftors, 
who always endeavoured to be Foretaoft in all Mar- 
tial Knowledge. And lince the Genius of our Nation is 
ftill equally inclined to War and to Peace, it is to be 
hoped. That our Mlhtary Artifis will as readily improve 
upon this Stranger, as our Cwil Artifls have upon innu- 
merable Foreigners in their Way. 

But it may be asked by Thole, who have heard that 
^\% Werk was originally written in Latin , why it was not 
rather tranflated from that Language, than from the 
French? To give a Ihort Anlwer to this Query, I muft 

tell 
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tell you, that if could not be procured in Latin: And it 
will not appear ftrange that there (hould be fuch a Scarci- 
ty of it, in its Original Tongue j if it be confidcred. That 
our Author was of Poland^ where the Latin is in univerial 
Ufe, and where the Profeffors of this Art are very nume- 
rous, efpecially in its Recreatwe Branches^ which are 
pradiiled by the Poles as a common Myftery, or Trade; 
fb that notwithftanding there may be (everal Thoulands of 
this Work extant in the Latin Tongue, they are particular- 
ly cloleted up by that Nation as an invaluable Trealure. 

If I could have procured one of the Original Copies ^ it 
would doubtl els have laved me a great deal of Trouble ; 
for the French Tranllation is now grown very oblcure and 
oblblete ; and what contributes to make it almoft Unin- 
telligible in many Places, it is the moft Carelclsly-printed 
Book I ever faw, fcarce a Page of it being free from grols 
Typographical Errors, 

Under thelc Difadvantages I laboured throughout this 
whole Tranllation j fo that if any Inaccuracies have elcaped 
me, the Candid Reader would forgive them, as- foon as 
dilcovercd, if He would but conlider how eafily I may 
have been mif-Ied into them, notwithftanding all the Care 
I may have taken to guard myfelf againft them,- and if 
at the lame Time He did but know what Pains 1 have 
really been at, to purge my Original of a vaft Number of 
Erroneous Blemilhes of all Sorts, that the Whole might 
anfwer the Defign of this Undertaking. But I hope that 
all the Material Miftakes I have fallen into, will be cor- 
reded. in my Table of Errata, And here it may not be 
Unlealbnable to inform you, That the Confedion and Pro- 
portions of the fevcral Compofitions have been compared 
by a Friend with the German Tranflation ; for without 
fome foch Help, it would have been next to ImpofBble to 
have redified what was amils in that Important Article. 

In a word, you have heirc the compleat Body of my 
Origtnaly in the cleareft and moft familiar Style I am Ma- 
iler 
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fter of, as much as poffible divefted of the tedious Circum- 
locutiou and Prolixity of the Frenchy aud expreffed in liich 
Terms of Art and Science as leem to be moft in Ufe with 
the prefent Learned, 

I (hall now enter upon what I promifed you with refe- 
rence to Saltpeter j to the End, that you may be as well 
verfed in whatever relates to that wonderful Salt and Soul 
of Art 'tUer^y as it becomes a profefled PyrohoUfi to be : And 
I am the more encouraged to it j becaufe the Latin Quo- 
tations, which are interfperied in the Treatife I fhall here 
abridge, muil render the Reading of it imperfed: and 
unpleafant to Thofe who are not tolerable Mailers of that 
Language. What follows then, is the Suhilance of a Pa- 
per in Biihop Sprafs Hifiory of the ROYAL SOCIETY, 
intitled The Hifiory of Saltpeter !ry Mr. Henihaw. 

He (ays, “ That whether the Nitre of the Ancients be 
“ of the fame Species with the Salty which is commonly 
known by the Name of Saltpeter y is variouily diiputed 
“ by very learned Authors : But by his Obiervations, and 
by the Practice of Saltpeter-Men, and Refiners of Salt- 
peter. He (u/pe^s that the Confidence of thofe who 
“ hold them to be different Salts, proceeds chiefly from 
“ their being unacquainted with the Phenomena or Ap- 
pearances of Saltpeter in the Making and Refining of 
“ it : And alfb to their comparing Double Refined Salt- 
peter (of which Gun-powder is made) with that De- 
icription of Ntire and Afronttre, in Chap, X. of Book 
“ XXXI. of Plinfs Natural Hifiory, where he tells us. 
That Afronitre was almofi of a Purple Colour ,• and that 
“ the iEgypdan Nitre was hr own, and griuy or fiony ; ad- 
“ ding afterwards that there were Nitraria from whence 
“ the Nitre came out of a yellow Colour. This, Mr. Hen- 
Jhaw (ays, is fuffdent to have hinted to any one but 
“ moderately verfed in the Modern Way of ordering Salt- 
“ peter, that the Ancients were not at all skilled in Re- 
“ fining their Nttre from the Earth and common Sah, 

“ that 
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‘‘ that is ufually mingled with it ; nor from that foul yel- 
low Oil, which it ieems did accompany their Nitre as 
“ it doth our Saltpeter in great abundance j for Pliny 
“ takes Notice of it when he mentions the removing of 
‘‘ Nitre (after it is grained) out of the Nitrariee, laying. 
Here alfo an Oil intervenes which is good againfi the Scab 
“ or Mange in Animals. This greafy Oil f which the 
Workmen were ufed to call the Mother of Saltpeter) 
“ Mr. Henfhaw takes to be the crude and unripe Part of 
it; and fays, that it doth by Nature fo wonderfully 
adhere to every Part elle of Peter ( it may be, ordained 
for the Nutriment and Augmentation of it) that the 
“ Separation of it is the foie Caufe of the great Charge 
“ and Labour that is required in refining Peter: For 
if this Separation is not elfed:ed, the Peter will be yel- 
low or brown, or of Ibme other dark Colour.” 

He then quotes a PalTage from Scaliger^ which is alfo 
quoted by our Author (namely) For we have frequently 
obferved a kind of Lujire of a glimmering Purple in Salis- 
pretrse Terris; or in Saltpetrous E^arthsi whereas Caftmtr 
has it Salispeira Cirris, or in the Shivers of Saltpeter ; but 
it is likely that they may both be in the right. He then 
fays, “ That if a Saltpetrous Lixivium be boiled up to 
‘‘ a Confiftence without filtring it thro’ Alhes, or giving 
the Salt leave to Chryftalize, you may perhaps find 
“ Ibmething not unlike the Nttre of the Ancients.” 

He then quotes this PalTage from Plmy^ “ There is a 
“ little Nitre found in fome fcorched Vales of Media, where it 
is called Halmiragha: And a lefs quantity of a coarferSort 
“ of it is alfo found in Thrace in the Land about Philippi, 
“ where it is called Agrium. And then fays, that a Refiner of 
“ Saltpeter gave him an Account parallel to what Pliny 
alTerts ; by telling him, that near Sophia and Santa-Cruz^ 
“ and in feveral other Places in Barbary y he faw Saltpe^ 
ter Ihoot out of the Surface of the Ground, as thick 
“ and white as Hoar-Froft, on many barren and delart 

b “ Lands ; 
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Lands 5 but that this does not happen till the begin- 
ning of the Rains in Atgufl or September^ and that it 
‘‘ is the falling of the Rains which caufes the Saltpeter 
“ to flioot out in little Chryftals } and that the People 
“ of the Country take it up as clean as they can, and 
“ fell it to Merchants : And that, by the Relation of an 
India Merchant, it is much after the fame manner that 
the Inhabitants of Pegu in Eafl^India colled: it and fell 
“ it, faving that they refine it once before they deliver 
it to the Merchants. 

The next Remark he takes out of Pliny, is this: 
“ There are Nitrous Waters in many Places, but which 
“ cannot be condenfed or grained by the Heat of the Sun. 
The befi is fdund in Macedonia, which they call Chalaftri- 
cum, and is very pure and white, and nearly like Salt. 
“ There, is a Nitrous Lake, that has a Spring or Fountain 
of frejh Water rijing up in the Middle of it: In this Lake 
they find Nitre about the Ttme of the Dog-Days 5 when 
it begins to Jwim on the Surface, and fo continues for nine 
Days-, after which it ceafes for nine Days-, which being 
expired, it floats again as before, and then ceafes as be^ 
fore. If during thofe Days that the Nitre is generated 
there happen to fall any Showers of Rain, they caufe the 
“ Nitre to be falter than ordinary-, but if any violent Winds 
“ arife they fpoil it, becaufe they make the Water foul and 
“ muddy. There is a much greater ^antity of it made in 
“ Egypt, but it is not fo good ^ for it is of a dark Colour, 
‘‘ and gritty or ftony, and made almofl after the fame Man-- 
“ ner as common Salt-, with only this Difference, that into 
“ Salt-Pits they pour Sea-Water, and into Nitrariae, Water 
“ of the River Nile. 

Upon this, Mr. Henjhaw fays, ‘‘ It will be no cifix- 
‘‘ culty to conjecture, how fuch great Plenty of Nitre 
fhould be found in the Places above-mentioned, if we 
confider that Lakes are the Receptacles of Land-Floods, 
and that great Rains might eafily bring it to the Lake 

in 
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in Macedonia from the higher Parts in the Country 
“ about it. And for the River Nile ("he fays) there 
muft needs be le(s Scruple concerning it, if we call to 
mind that once in a Year it fwecps with an impetuous 
Overflow the burnt and barren Defarts of Africa under 
the Torrid Zone^ where, by the Relation of Travel- 
lers, thole Sands are vilibly full of Nitre ^ and thole 
few Springs and Wells that are found there, are for that 
Reafon fo bitter, that the Moors and their Camels are 
forced to make a hard Shift with them in their long 
Journeys. 

“ He lays, he drew good Rock Peter out of thole Sti- 
ri^e which are ufually found hanging in arched Cellars 
“ and Vaults.” And here it may not be improper to re- 
mark that the Word Stiria lignifies an Icicle, or any thing 
like it ; whereas* Scaliger exprelfes himfelf with reference 
to this Matter by the Word Stria ^ which in this Cale pro- 
perly lignifies a Furrow as I have rendered it in the firfl: 
Chapter of the Second Book : But I fuppole it is found both 
in Stiria and in StriiC, However this be, I lhall not 
wafte your Time with laying any Thing farther concern- 
ing it. 

But to fteer more diredly upon our prcfent Subject, 
Saltpeter ; Mr. Henfhaw lays, ‘‘ It is likely that the Air 
“ is every where full of a Volatile Kind of Nitre y and that 
Lime and Plaflcr do ftrongly attra<5t it, but Dew and 
Rain convey much of it to the Earth j, and that the 
Clouds ieem to be fpread out before the Face of the 
Sun, either to imbibe fome Part of his Influence, or 
to have a Salt generated in them to advance the Ferti- 
licy of the Earth j and he thinks they return not with- 
“ out a Blelfing, in that he has more than once extracted 
Saltpeter out of Rain and Dew • but in the greater 
‘‘ Plenty from the latter,* and that even when it is ex- 
“ traded from Dew, it is accompanied with a grealy pur- 
pie Oil in great abundance,- and adds, that uponTryal 
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he found, that moft ftanding Waters, and even deep 
“ Wells, have fome fmall quantity of Saltpeter m them,* 
‘‘ and aflures os, that he alfo found fome in the Fallows 
and in the Earth which Moles caft up in the Spring. 
“ He then continues j That tho* the Air and Water a- 
‘‘ bound with it in fome degree, yet that it is not there 
“ to be had in any Proportion anfwerable to the Charge 
in getting it : And that tho’ the Earth muft necelTa- 
‘‘ rily have great Quantities generated in or infufed into 
it, yet that in thefe Temperate Climates of Europe, it 
is no fboner dilated or dilTolved by Rain-Water, or the 
Moifture of the Earth, but it is immediately applied to 
“ the Produdion or Nutriment of Ibme Plant, Inie6t, 
Stone or Mineral, fo that the Artift will find as little 
of it in the Earth to ferve his Turn, as he could in 
the Air or in the Water. 

He fays therefore (in which he exadly concurs w*ith 
our Author) ‘‘ That the only Places where it is to be 
found in any Plenty in thefe Northern Countries, are 
Stables, Pigeon-Houfes, Cellars, Barns, Ware-Houfes, 
and generally Ipeaking in any Place which is covered 
from the Rain, which would diflblve it, and make it 
vegetate, as alfb from the Sun which ratifies it, and 
caufes it to be exhaled into the Air. In fhort, he 
“ fays, that he was affured by an experienced Workman, 
“ that no Place yields Peter in fuch abundance as the 
“ Earth in Churches, were it not an Impiety to difturb 
the Afhes of our Anceftors in that Sacred Depofitory ; 
and in this he agrees perfectly with what our Author 
‘‘ fays concerning the Delarts of Podol'tay in Chap, II. of 
« Book II. 

But even in this Cafe the Earth muft be of good 
Mold, and the better the Mold is, the more Peter is 
“ produced ; for in clayifli or fandy Earth, little or none 
“ is found : And the freer Ingrcfs the Air has the bet- 
ter, fo that the Sun be excluded : But if the Earth be 
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in itfelf never fo good, if it be removed and laid upon 
“ a Brick or Boarded Floor, it will not be lb rich in 
tevy as if it had free Communication with the Exhala- 
“ tions of the lower Parts of the Earth. 

‘‘ In any Place qualified as is above premiled fhe fays) 
“ you cannot mils of good Store of Peier^ if it has not 
‘‘ been drawn out in Ibme Years before, which you will 
‘‘ quickly find after you have digged the firft Spade-full 
of Earth, by laying a little of it on the End of your 
“ Tongue, and if it taftes a little Bitter, you may affure 
yourfelf of good Store of Mineral ( as they ufed former- 

ly to call Saltpeter) If the Ground be good, it 

“ continues Rich to fix or eight Foot deep, and fbme- 
“ times but not often to Ten. 

“ After the Saltpeter is extracted, if the Earth be laid 
“ Wet in the fame Place again, it will be twenty Years 
ere any confiderable Quantity grow there of it,* but if 
‘‘ the Earth be well dried, it will come in Twelve or 
“ Fourteen : And if the dried Earth be mixed with Store 
of Pigeon’s Dung, and mellow Horfe Dung, and then 
“ tempered with Urine (as was ufiial before we were fiip- 
plied with Peter from India) it will be fit to dig up in 
‘‘ five or fix Years. If Water be caft upon Ground 
“ which is fit to dig for Peter y it will only fink the Mi- 
“ neral deeper into the Earth j but he that fhall throw 
Soap-fuds on it will deftroy the Peter ('as the Workmen 
have a Tradition) and it very well defcrves a farther 
“ Inquiry. 

He concludes, ‘‘ That the Generality of Authors are 
“ of Opinion that Saltpeter and the Way of drawing it 
‘‘ out of the Earth, is a Modern Invention ; but whether 
“ it was originally owing to Chance, or to the Sagacity 
“ of fome great Wit, is as unknown as the Time it was 
“ difcovered. But (he fays) it feems to have many Years 
preceded the Invention of Gm-powdery which by the 
“ Germans is afcribed to Conftanime Autlitzery or Berthold 

c “ SchwertZy 
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‘‘ Schwertz^ a Monk of Frthurgh j which in all Probabi- 
lity was not long 4 ifcovered when the Inventor (as Po- 
“ Indore Vtrgd tells us ) taught the Ufe of Qim$ to the 
“ Fenetians at the Battle of Fojfa Qaudtay when they ob- 
tained that notaUe Victory 'over the Qemefe^ ^no 
1380. For there is mention made both oi Sedtpeter 
and ^qua Forth in the Writings of Geher, a Spamjh 
Moor^ and an Alch^rmfi i but at what time he lived is 
“ unknown ; tho’ it is certain he lived fbme Hundreds of 
Years before Ramund who about the Year 

“ 1333 publifhed fome of bis Books, where he treats of 
‘‘ Saltpeter and Aqua Forth, In fine, Mr. Henjhaw fays, 
it is no ill Conje^ure of Materm^ That the forelaid 
Monk being a skilful Alcbymijiy had a Defign to draw 
“ a higher Spirit from Peter than the common Aqua For- 
‘‘ /«, and that he might the better open the Body of 
*■ Saltpeter y he ground it with Sulphur and Charcoal, by 
“ which Compofiire he foon became the Inventor of Gun- 
powder F 

Thus far Mr. Henjhaw concerning the Hiftory of Salt- 
peter and I hope that what I have here tranferibed, will 
prove acceptable to the curious PyrohoUft, efpecially if he 
never met with it before; and if he has, I doubt not but 
he will be of Opinion, that I have not done ami(s in pre- 
fenting it to the Perufal of many, who perhaps might 
never otherwifo have feen it ; or at leaft I flatter myfelf 
every one will acknowledge, that this curious Piece could 
never have been as it were revived upon a more proper 
Occafion than the Prefent j fince it may ferve to clear up 
fbme Things, and confirm others, which are to be found 
in the following Work ; which it will not only do, but alfb 
compleat what Cafimtr has attempted upon this Subjed. 

As for Mr. Henjhawh Manner of Making and Refining 
of Saltpeter, I fhall only fay, that it is in the main the 
fame with what you will find in this Treatife with refe- 
rence to that Matter. 



Thus 
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Thus we (ee that what is almoft univerfally held to be 
the very Bafis and Generation of Nutriment, has by the 
reftlels and prying Curiolity of Mankind been perverted in- 
to the moft fatal Inftrument of Death and Deftrudion that 
has ever been dilcovercd. 

To conclude; you will obferve, in perufing this Work^ 
That our Author propofed to publiih a Second Part of it, 
to lupply what is wanting in this ; but it (cems, that either 
the Shortnels of his Days, or the Multiplicity of his Bu- 
hnefs would not permit him to effed it : Wherefore I am to 
acquaint you, that what our Author has promiled only, will 
be amply liipplied by a Gentleman, in every Relped 
qualified for lb Great and Ulefiil an Undertakings and that 
you may loon exped fiich a Continuation of this Subjed, 
as will (allowing for the many Improvements relulting 
from the Experience of the laft Wari) more than anlwer 
all the Views of our Author with reference to the Great 
Art dilculTed in the following Sheets. 
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GREAT ART 

O F 

ARTILLERY. 

PART the FIRST. 

BOOK I. 

Concerning the CALIBRE SCALE. 



H E firft and principal Inibument ufcd in PyroUcb~ 
nicks, or Artificial Fireworks, which we call the Ca-- 
libre Scale, (according to the univerfal Term amongft 
aU Pyrotecbniciam, or Artificial Fireworkers, as well 
Spaniards and French as Italians) is called by the 
Germans, Maftaab or Vifier-fiaab j by the Flemmings, 
^alfiock', but much more properly by the Latins, 
Twgm, or rather Regula Spbareometrica', and which, in Derivation 
fioBi them, we will call in Fnglijh die Spbeereometric Rod or Scale. 
Wc mult conceive no other thing by the Afferent Appellations above 
reewi, than a certain Inftrument or kind of Ruler, which has a near 
Sjdbnblance to a Parallelepiped Prifm, or rather to the Frufium of a 
Pyramid, which ought to be made of fome Metal, or hard 
Wflo^ that will not eaiily bend ■, upon one of whole Superficies is a 
ngjht Line, divided into unequal parts In a StcreoixMtrical or Cubical 
Fimportion, and nicely adjult^ to determine and eicamine the Weights 
df Iron Bullets by their Diameters. This Scale or Ruler accord- 
BS|^ (hews the Diameters of all Bullets made of the abovementioned 
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Metal, from the Diameter of a Bullet of one Pound, or from chat of* 
a LiOtb or Half an Ounce, ad infinitum •, that is, as far as the Length 
of the Line can admit of. In like manner upon the Second and Third 
Superficies of this Scale^ you have the Diameters for Bullets of Lead, 
or Stone, &c. of different Gravities, by which you may determine the 
Weights of Bullets made of thofe Materials. The Fourth and laft Su- 
perficies of this Inftrument, fhews the Meafure of the Rhynland Foot^ 
or (as fome will have it) the Old Roman Foot^ which is divided in- 
to twelve Undo: or Inches, and with this we may meafure not only 
all Pyrotecbnick Bodies; but likewifc all Sorts of Superficies, Planes, 
and Lines. 

Having thus deferibed the Calibre Scale, it is but reafonable that 
we fhould proceed to fhew the different Methods by which it may be 
conftrufted ; and alfo its particular Ufc in Artillery j of all which in 
the Order and Method following. 



CHARI. 

The Anthmeiical ConfiruBton of the Calibre Scale. 

HERE are many and different Methods ufed by almofl all Arith- 
meticians and Geometricians, as well Theoretical as Pradical, 
and even among the greateft Part of Mechanicks, in the Conflrudtion of 
the Stereometric or Cubical Line (from whence our Calibre Scale takes 
its Original) or whenever they would divide any Line into proportio- 
nal Parts according to the Cubical Ratio. In order to do this Arithme- 
tically, you need only double, treble, &c. the firft Cube as often as you 
think fit } and extrad the Roots after the Manner I fhall fhew in the 
Sequel: But by the way I muff; obferve that thofe who pradife this 
Science, as well as the reft of the Mechanicks, have taken it into their 
Heads to avoid this Operation; becaufe of the Neceffity of extrading 
the Cube Root, which is a little irkfome and difficult, and concent 
thcmfelvcs with dividing their Lines into a Cubical Proportion by the 
Affiffance of Tables, that have before been calculated by other Arith- 
meticians, which they freely make ufe of, in all their Operations. But 
fince it is of no finall Importance to fuch as would be perfed in this 
Art, to have a Knowledge of this Method ; we fhall here give feme 
very fuccind Rules, relating to theC«^^ Roots, together with the 
Manner of making Sccreometrical Tables; by means of which we fhall 
eafily conftrud our Calibre Scale. 
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A Brief Method of extraBing, the Cube Root oomprehended 
under the foHow 'mg Rules. 

Arithmeticians term that a Cubical Number^ which is made and 
produced by any Number multiplied into itfclf, and then the Tame 
Number multiplied by the Produdl. As for Example } if the Num- 
ber Ten be multiplied into itfclf it will produce a Hundred, which if it 
be multiplied again by Ten it will give a Thoufand, which laft Num- 
ber we call a Cube j and Ten, which was the original Number, we 
call the Cube Root ; this being once well underftood, you will find 
it very eafy to extraft the Cube Root of any Number whatfoever, if 
you attentively obferve the following Diredions. 

Firft, you muft have in your Eye a Table of the Nine firft Cubes 
and their Roots, which may be eafily formed by multiplying the Nine, 
limple Integm cubically, as demonftrated in the following Tabic : 

Roots. 

1 - - 

2 - - 

3 - - 

4 “ “ 

i: : 
i: : 

9 - - 

2. In order to extrad the Cube Root of any Number, as fuppofe 
160)1031007} divide ofif every three Figures, of this Number, as you 
fee above, beginning from the Right-hand towards the Left; which 
done, look into the Table of Cubes, for the greatell Cube under l6o, 
which you will find to be 125 ; therefore 5 being the Root of 125, 
fet down 5 in the Quotient, and fubftrad 125, its Cube from 160, and 
you will have a Remainder of 35, to which you muft bring down the 
next Cube, (viz,) 103. 

3. To find the next Figure of your Quptient, you muft form a Divi- 
for } which is always done by trebling the Square of the Quotient ; as 
for Example ; 5 being multiplied by makes 25, which is the Square 
of 5, which Square being multiplied by 3, produces 75 ; and this laft 
Number is the Triple Square of the Qjwtient, which is to ierve for 
a Divifor; With this Divifor divide the Refolvend 35103, excepting 
(the two laft Figures, viz.) 03, and you will have 4 for the Iccond Fi- 
gure of the Quptient. 

4. Then to find the Number which is to be iubftraded from the 
abovefaid Relblvend, you muft fet down in a Comer by itfel^ the Tri- 
ple Square (viz.) 75, with two Dots to the Right of it, inftead of 

Cypher^ 



Cubes. 



^ - 8 

- - - 27 

- - - 64 

- - - 125 

- - - 216 

- “ - 343 

- “ • C12 

- - - 729 
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Cyphers, after this manner 75 . . j then multiply 5, the firft Figure 
of the Quotient, by 4, the laft Figure found, and you will have 20, 
which being multiplied by 3 will give 60, which Number muft be 
fet under 75 . . one Place farther towards the Left Hand (viz.) the Cy- 
pher in 60 under the firft Dot ; then fquare the laft Figure found (viz.) 
4, and it will give 16 i which muft be fet under the two other Num- 
bers, fo that the laft Figure 6 may ftand under the laft Dot j which 
done, add theft three Numbers together, and they will make 8116, 
which muft b© multiplied by the laft Figure of the Quotient (viz.) 
4, and the ProduA wi^ be 32464, which being fubftra6led from the 
Refolvend 35103, the Remainder will be 2639, to which you muft 
bring down the ne3tt Cube, (viz.) 007, which being annexed to the 
faid Remainder you will have 2639007 for a new Refolvend. 

5. You muft proceed upon every Operation by finding a new Divifor ; 
(which is always the Triple of the Square of the Quotient) therefore 
fquare 54, the Number now in the Quotient, and you will have 2916, 
which Sum being trebled will give 8748, which muft be your new 
Divifor 5 and upon enquiring how often this new Divifor is contained 
in your new Refolvend (excepting always the two laft Figures) you will 
find it to be three Times ; fet then 3 in the Qiy)ticnt, and proceed to 
find a new Subftrahend, in the fame Manner as wc have already di- 
redlcd, and which you muft repeat as often as a new Figure is to be fet 
in the Quotient ; This will be found to be 2639007, which being fub- 
ftra<ftcd from the Refolvend, you will have no Remainder, as will ap- 
pear by the Work itfelf ; the whole Procefs of which is as follows j 
i6olt03joo7 (543 Root. 

75) 35103 Refolvend. 

32464 Subftrahend. 

8748)2639,007 Second Refolvend. 

2639,007 Second Subftrahend. 

0000 000 

S 
5 

^5 




75 - . Triple Squared 
60. Qootjcot. 
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54 




54 


3 




54 


162 


3 


216 


3 


3 


270 




9 


2916 



3 



8748 . . Triple Squared 
486. Qi^tient. 

9 

879669 

3 

2639007 



Obferve here that the above Number being a perfe^ Cube its Root 
is exactly 543 ; tmt in calc you ihould (as it often happens ) be obliged 
to extraft the Cube Root h’om: an Irrational or Sur^ or a Number 
^at is not a complete Cube, you may approach it as near as poffible by 
addii^ Ternaries of Cyphers to the (aid Surd Number j and when the 
Cube Root of it and the additional Cyphers is extraded^ you will 
have the Roots and Decimal Parts near enough for any Buiinds; as 
may be feen by the following Example : 



37l864|i2j|, 000(335, 7 
27 


3 


33 




3 


33 


10864 






8937 


9 


99 


1927125 


3 


99 


>658375 


27.. 


1089 


268750,000 
236105 293 


27. 

9 


3 

3267. . 


32584707 


2979 

3 


495 - 

25 




8937 


33167s 

5 

1658375 



335 335 

335 7 



1675 2345 

1005 3 

1005 T 

— 7035 

112225 

3 



336675.. 

7035- 

33737899 

7 



236165293 



Thus the Cube Root of the above Number is found to be 335,7, 
and a large Remaii^cr : Now to prove the Work $ cube the iiud Cu^ 

C Root, 
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Root, and to the Cube of it add the Remainder, and if the Work is 
right, the Sum or Aggregate will be equal to the Sum from n^imce 
the Root was extradt^ ; as for Example ; 

3357 

3357 

23499 

16785 

10071 

10071 



1126944^ 

£357 

78886143 

56347245 

33808347 

33808347 

37831540293 Cube. 

32584707 Remainder. 

37864125000 Sum or Aggregate from which the 
Root was extraded. 

Now as It will often happen (as I have already laid) that you muft ex » 
trad the Cube Root from fome given Number that will not anfwcr cxad- 
ly j I have (to prevent your throwing away time) thought proper to give 
you fome Rules, by means of which you may readily know all thofe Numr< 
bers that will not anfwer exadly to a Cubical Extradion. 

1. All Numbers ending with two or more Cjrphers, and which eaimot 
be meafured by the Ternary Number, that is, that cannot be exadly di- 
vided by three, cannot have their Roots perfedly Cubical, liichasthele^ 
3400, 62800, 453000. 

2. All Numbers ending with 2, or 4, and whofe laft Figure but one 
Is even, cannot be exadly Cubic, fuchas, 3522, 62864. 

3. Every Number en^ng with 4 or 8, and whofe laft Figure but one 
is not a Cypher or an even Number, cannot be pundually Cubk y as for 
Example; 456174, 110038. 

4. Such Nu m bers as cannot be exadly divided by 9, are never perfed- 
ly Cubic ; therefore the following Number 12000 is not fo j for it being 
divided by 9,' you will have a Remainder of 3 . 

Let this little that we have now laid concerning the Extradion of the 
Cube Root, and a Knowledge of the Cubic Numbers, fatisfy you for 
the prefent y the Ufe of it ftiallbe evidently explain’d in the Se^d of our 
?mdicc» and fublequent Operatioo& 

Nomi^ 
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Now if you would make a Table of Cubes with their Roots frotn U- 
nity, or the Diameter of one Pound, ad infinitum ; you may firft aiiKtme 
Number that you fliall think fit to ferve as a Root, which being mul- 
tiplied cubically by itfelf; will produce the firft cubical Number j and 
its Root, or the Number you ftiall have alTumcd for its Cube Root, 
muft be firft fet down in this Table. As for Example j if you take the 
Number 100 for a Root, and it be multiplied cubically into itfelf, your 
firft Cube will be 1,000,000, of which 100 being the Root, it muft be 
let down in your Table as the firft Root. 

If you would extrad the Cube Root from double ftiis Cube; you muft 
double it, and you will have 2,000,000, from whence, if you extrad the 
Cube Root, you will find it to be 125, which will Ije the fecondRooc 
of your Table, and the fecond Num^r. If you would know the Root 
of this Cube when trebled, quadrupled, and fo on j firft, treble or qua* 
dfuple it, or incrcalc it, ad Infimtum^ and fi’om thtift Numbers^ (as you 
go along) extraift the Cube Roots, and place them ki a r^ular Order in 
your Table ; joining in a Column upon one Side of them, the ascend- 
ing or increafing Numbers in a natural Order, from Unity as far as you 
pleafe. This is the Method I obfcrved in the Conftrudlion of the fol- 
lowing ^able^ the Afiiftance of which, if you pleafe to accept, in £bnn- 
ing the Calibre Scaky I muft tell you that it is firft necefiary that you 
ftiould have the Diameter of a Bullet of one Pound, made of the fame 
Metal with thofe Bullets which you would form your Calibre Scale to 
meafure. For Example 5 if you would prepare an Inftrumenfl or Cali-^ 
bre Scale i to calibre Iron Bullets i divide the Diameter of an Iron Bul- 
let of one Pound, actually taken from an Iron Bullet of that weight 
(I (hall, in the Sequel, fliow how that iato be done) into as many equal 
Parts, as the firft Root of the 7 aBle contains Unities as here, in out 
fTabie, the firft Root contains 100 Unities; therefore divide the Dia- 
meter of an Iron Bullet of one Pound, into an hundred equal Faft% 
which you inay readily perform by the Help of the Piuallelograa^ or 
Diagonal Scale, Fig, t. Having then with a Pair of Conq)affes taken 
from that Scale all the Parts, according as they are exprefted in the Tij- 
ble of Cube Roots ; tranfpofe the Diameters of your BuHets upon the 
Calibre Scale : As thus; if you take too for the Diameter of an Iron 
Bullet of one Pound, you muft allow 125 of the iame Parts for the Dia- 
meter of a Bullet of two Pounds ; that is, you muft add ig Parts to the 
firft Diameter. Again, for the Diameter of a Bullet of three Pbundt 
you muft take 144 Parts, or add 44 Parts to the fiift Diameter ; and in 
the fame manner you may tranfpofe the Diameters of all ocher Kdlett 
upon the Calibre Scale, This gradual Incrcafe of die I^mcters and 
their refpeftive Circumferences in the Ratia of Solids, is very |daii^ 
and to be eafily conceived by Fig. 2, in which the firft CSrcle denote! 
die Circumference of a Bullet, whofe I^ameter is as the fiift Root; 
and iry foljd Coofftnrft the fi rft Qnlv*, 
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The fccond Circle is the Circumference of a Bullet whole Diameter 
is as the fecond Root, and its Solidity of double the firft Cube. In the 
fame manner you are to infer, with regard to the other Circumferences 
in the fame Fig. as to their Diameters and Solid Contents. 

Whatever we have here faid of Iron Bullets, may be (aid of thofe alfb 
diat are made of Lead, Stone, &c. which may be calibred by the very 
feme Rules j fo that you may, with equal Eafe, coTi&.mQc2iCalibreScale 
for that PHirpole. 

We have given you a Reprefentation of this Inftrument in Fig. 3. 
upon one of whofe Surfeces you will fee the Diameters of Iron Bul- 
lets accurately marked out, and upon the other the Diameters of Leaden 
Balls. 




Table of Cubes and Cube Roots in a natural Order from 
Unity upwards the firft Cube being fuppofed to con- 

tain 1 ^ 000,000 of Parts, 
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CHAP. II. 

The Geometrical ConfiruBioM of the Calibre Scale. 

I T is abfolutcly neccffary that you fhould have the Side of the firft 
Cube, or the Diameter of a Bullet of one Pound, made of the fame 
Metal, for the particular Ufe of which you would conftrudl your Cali- 
bre Scale. For Example 5 in Fig- 4> let there be given the Line A, B, 
for the Diameter of an Iron Bullet of one Pound } then, in order to 
find the Side of double the Cube, that is, the Diameter of a Bullet of 
two Pounds, double the Line A, B, or extend it to twice its Length, 
which fuppofc to be the Line A, D ; then find out two mean Propor- 
tionals between the fingle Line A, B, and the double Line A, D, and 
there will be one of them found (viz.) the leaft of the two mean Pro- 
portionals, which is D, E, which will be the Side of the double Cube, 
or the Diameter of an Iron Bullet of two Pounds 5 in this manner you 
muft proceed to find out the Diameters of all other Bullets, that is, by 
increaiing the Length of your Firft Diameter as far as is proper or re- 
quifite, and then finding out two mean Proportionals between the Line 
exprefliing the Length of your firft Diameter, and the increafed Line. 

The moft esperienced Geometricians, however, allure us, that ne- 
ver any one yet hath invented the true Method of finding out two mean 
Proportionals Geometrically, between two other given ones ; notwith- 
ftanding that many of them have greatly labour’d, and employ’d much 
of their Time in learch of this Secret ; The thing, indeed, is extreme- 
ly difficult, inafmuch as we can produce no Ratio (I mean, that is tru- 
ly Geometrical) to double, treble, &c. or encreale a Cube, ad Injim- 
turn, by means of a common Scale and Compafs only, as is ufiially 
done, when we would augment the Proportion of any kind of Planes j 
which, however, cannot poffibly be done, ’dll you have previoully 
found out two mean Proportionals by a nice Refearch. 

A vaft many Geometricians, as well ancient as modern, have done 
their utmoft to folve this very authendek Problem, whidi indeed is of 
the greateft U& in all mechanical Matters ; and have even endeavoured 
to demonftrate i^ as a Plane and Linear Figure (though there arc thofe 
who place this in the Rank of Problems relating to Solids) by certain 
mixed Lines artfully drawn, and by fimple Lines immediately proceed- 
ing firom a Plane, as are all Right Lines and Curves. Amongft which 
Nicomedes has endeavour’d to demonftrate it by a Conchile I. in i»^ Dio- 
clejian by a Cofibidea or Hederacea, Meneebrms by Conic Se^ons, and 
many others by the Parabola j but Eratqftbenes, Sporust and Plato, have 
aimed at it by Right Lines and Curves and even Pappus, Hero, ApoU 

D hrdus. 
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lonius, PergauSy Philo BifantiuSy OrontiuSy VillalpanduSy ClaviuSy and 
many other Geometricians, have laboured to do it by feveral other Me- 
thods ; But whatever they have faid or done upon this Head j I think 
it unbecoming of me to examine too fcrupuloufly into the Works of 
thole illuftrious Men, to whom the Republick of Learning is fo greatly 
indebted j and much Icls would it become me to pafs a Judgment upon 
them, or to determine too ralhly concerning their Thoughts upon this 
Subjed);. I lhall only lay, that it is acknowledged and declared by the 
greateft Geometricians, that it is impolSble to increafe the Cube by 
Planes 5 and this I affirm from the very Confcffion of thofe who have 
lb clolely fought after it. But this is not fufficient for us to condemn 
their Inventions, rejedt their laborious Efforts, or look upon them as repug- 
nant to right Reafon and Truth : No ; on the contrary we ought to con- 
tinue the Ufe of them, until a more happy Age lhall produce fuch as 
are preferable and more perfedt. In fuch a variety of Pradticc as has 
been ufed to this End j I have pitched upon one Method only, which 
I here prclent for your Ufe in increaling the Cube, and to find out two 
mean Proportionals in a continued Order, and which, I believe, will 
be fufficient, in the right and proper treating of Pyrotechnical Mat- 
ters. 

Let there then be found two mean Proportionals in a continued Or- 
der, between the two above-mentioned Lines A, B, and A, D j let them 
be firft placed at right Angles to one another, and let the Parallelogram 
A, B, C, D, be conftimted upon them, and let A, B, and A, D, be con- 
tinued ad Infinitum 5 then the Diagonals B, D, and A, C, being drawn, 
let H be placed at the InterfedHon of them 5 and apply a Ruler to the 
Point C, which will cut the Lines A, B, and A, D, continued ad Infir- 
mtumy in the Points E, and F, in fuch a manner that H, E, and H, F, 
may be found equal: This done you will have D, E, and B, F, for mean 
Proportionals continued between the given Lines A, B, and A, D j for 
they will be as C, D, that is, as A, B, is to D, E, and as B, C, that is, as 
A, D, to B, F. 

I purpofely omit the other Methods, the greateft Part of which you 
may find, as well in the Authors above quoted, as in Marius Bottinufo 
Treafury of Mathematical Pbilofophyy lately publiflied at Bolognay where- 
in he endeavours, by all Means, to prove, that the ancient Geometrici- 
ans, as well as feme of the moft modern (whofe Names he mentions) 
have not only difeovered the true, plain, and perfedl Method of finding 
out two mean Proportionals to any two given j but that they have aUb 
illuftrated it by Geometrical Demonftrations ; fo that nothing can be 
further defired Upon this Head. But let us attend to what he lays in 
this Tranilation of a Paflage in his Latin Treatife, (viz.) T(beref ore what 
we have formerly faid in Apiar. III. Prob, I. in relation to the Conchoid of 
Nicomedes, in a doubtful and cautious manner y we do mm boldly ajfirnt 
(in order to Jhew that the beft Part of the Geometrical Pbilofophyy concern- 
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ing SoUdSi is truly ejiablijhed ) that two mean Proportionals have been long 
ago Geometrically and Demonjiratively found. For to fay nothing of the 
Inventions of the reft of the Ancients, and only mention one, of which there 
are Fwtfteps ftill remaining among ft us', the two mean Proportionals found 
by Nicom^es by help of the Conchile Line have that Geometrical Certain- 
ty, than which no greater can be defired, in the Geometrical Demonftration 
of any Problem And a little lower Upon which Account there re- 

mains no Reafon to doubt, but that the Geometrical Method of finding two 
mean Proportionals was invented long ago, as likewife that the Uruth and 
Certainty of all Stereometrical Problems ariftng from two Proportionals are 
Geometrically demorftrated. 

But we have found an eafy Contrivance by means of Inftruments, where- 
by to find not only two mean Proportionals to two others given, but in any 
Number of Proportionals required', and by that Invention we may be able 
at lad to reduce a given Solid to a Cube, contained within Mquidiftant 
Lines, as alfo to change one Figure into another Equal to it or bigger, ftill 
keeping its Likenefs j wherefore it is not to be doubted but Altars and Edi- 
fices may be doubled by fuch an Inftrument, and alfo one may refer to the 
Cube the Meafures of Dry and Liquid Subftances, as of Bujhels, &c. ^be 
Contents of which Meafures are known by the Sides of the Vejfels, and in a 
Word, the Knowledge of this ^eftion is ufeful to thofe, who would make big- 
ger Sorts of fuch Machines as are ufed for throwing of Darts, Stones, or 
Iron Balls j for in thofe Cafes, it is nectary that all Ae parts of the Ma- 
chine Jhould be encreafed in a certain Proportion, as well as the likings to be 
thrown, and this cannot be done without the Invention of a mean Propor- 
tional, 



CHAP. III. 



Ithc Mechanical CmfiruBion of the CaTtbre Scale, 



F lb great a Number of Pyroteebmeians, or Artificial Fireworkers 
that we fee in our Days, we fliall not find one (pardon me for the 
Expreffion) that docs not defire the good Opinion of the World, and to 
be efteemed a good Praftitioner ; But at the fame time they choolc to 
be fuch in Appearance, rather than in Reality j and only outwardly af* 
fedt to appear vciy knowing in their Profeffion : Though by the way a 
thorough Knowledge in it is not to be acquired in peaceable Tinies, in 
the Chimney Comer, amidft the foftening Efi^tninacies of the B^y, 
Serenity of the Mind, or by ignoble Sloth j but. on the contrary by the 
infijpporcablc Fatigues of the Field, at the imminent Danger of Life, 
and the Sweat of the Brow. I have even known feme of them who 
doming the plain and vulgar Denomination of Pyroteebmeians 3 but glo- 
rying 
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lying in the Title of Fire Engineers in the Military Capacity, which the 
Flemmings call Feld-Fewerwercker^ have thought it beneath them { they 
being deftitute of Theoretical Principles) to concern thcmfclvcs with any 
of the Theorems of jirebimedes or Fuclidi or any other famous Author, 
or even to produce any Demonilrations to prove and confirm the Rules 
of their An. Hence comes this new Pfeudomechanical Science entire- 
ly unknown to the greateft part of paft Ages, and whole chief and molt 
general Axiom is, Perturbare cot^us^ & mini ad rem omnia agere j that 
is, to put every thing into the utmolt Confiifion, and never do any 
thing as it Ihould be. Confidcr now, whether the Burthen of this Sel^ 
fufficient Mother can be fuccel^l ? Or whether the Fruit of fuch a 
Science mult not be Itrangely uncouth ? Every Day you have irreparable 
Errours and Defeats, as well in the Conftru^on of Warlike Machines, 
as in the Preparation and artful Management, or handling of them. The 
Fireworks on lerious and necefiary Occalions, as well as thofe exhibited 
upon Publick Rejoicings, arc for the molt part prejudicial to the Prince, 
and evidently dangerous to the Lives of thofe who work in the Compo- 
fidon of them, as well as to thofe of the Spedators who behold them. 
How greatly are thofe to be pitied, who are ignorant in the Principles 
of true Mathematicks ! Hear what * Paulus Guldenus faith, in an A- 
rithmetical Problem, where he Ipegks to this Elfedt in his Latin Trea- 
tife. Leajl therefore our Mathematicians Jhouldb ecome unworthy of that 
^itle i but that on the contrary^ they may lift up their Heads out of the 0~ 
cean of Ignorance^ and apply themjelves to the Study of the moji noble of 
thofe Sciences ; we have in the beginning of our Lebiures^ looked upon the 
Mathematicks as a moJl powerful Sliyeen with her numerous Houjhold 
of fubje^ Sciences ; wbofe Order , Subdivi/ions^ Defnitions^ with their 
Differences and Diflit0ions, we have fully and clearly explained in our 
Le^ures ; and in order to imprint them the more firongly in the Memory ^ we 
have in a very agreeable pleafng Method colleBed them upon a fmall Sheet 
of Paper ^ not for the Ufe of our ^imes only^ but as an acceptable Prefent to 
Poferity likewife. We have laid down Arithmetick and Eudid’r Geome- 
try Afe Pafis or Foundationy of the Mathematical SuperfruSlure j with- 
out winch it is impofjible for any owe, though be were to live and fiudy to the 
Age of Nellor, to attain any true and folid Knowledge in that Science. 
From a Want of thofe frfl Rudiments proceed that Obfeurity and Chimeri- 
cal Vneertaintyy that Labyrinth of FarourSy and that vafi Chaos of Igno- 
rance. Heme it is, that Men are fo far miftaken as to be ignorant of what 
they do hmOy and think they know what they are ignorant in. Hence fo 
many Mecbamcal MatbematicianSy umkilful Surveyor Sy fo many Fxhaur 
fiers of Wine Casksy inflead of Gainers: Hence fo many Bankrupt Mer- 
chantSy unfortunate Captains in War, falfe Arcbiteblsy and ArtifeerSy 
who rather promife to confin0 new Machines for great Furpofes, fitch as 
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'raifing Water to great Heights^ and for removing vaf Bodies^ than perfeS 
them. Hence fi many Engineers without Ingenuity^ difappmnted Searchers 
after the perpetual Motion^ fo many unhappy Squarers of the Circle, and all 
the Blunders of ArchiteSis. In fine, beHce the Man that Begins to bmld, 
and hums not homo to finijh or compkat what he has begun. But I would 
by no means have it thcnighti by what I have here laid, that I would in 
the leaft depreciate the Military Practice, to which alone I more parti- 
cularly applied myfclf : I am only grieved to fee this illuftrious Science 
of Pyrotecbnicks diihonoured even by thofe who profeis itj (I mean 
Praditioners without Foundation j) who have defpoiled it of its ancient 
Glory, and ftripped it of all its moft beautiful Ornaments, beftowed on 
it by its firft Inventors ; and ftill krep it feparated, and as it were, forci- 
bly tom from the Boibm of its lawful Mother the Mathematicks, as a 
Science alien to and independent of it ; and have crowded it inamongft 
the mo^ illiberal Arts, and the moft Mechanical Operations. 

In Truth, I could wifti, that entirely banifhing this hew Mechanical 
Science ; I fay, I could wifli, that no one would by any means fUfter a 
Novice or Apprentice to take any Work in hand, till he is &ft well 
grounded in the Principles of Ariibmetick and Geometry', from whence 
we might cxpc<ft, that diis great Art would, in a little time, retrieve its 
Original Luftrej and confequently that the Invention of lb many ridicu- 
lous (I Ihould choofe to fay,coftly and dangerous) Machines, which thofe 
Mafter Workmen have exhibited, would be juftly exploded, and we 
might at leifure tafte the delicious Fmits of this Science. 

But let us refume the thread of our Sut:je<^, ahd fthce we have en- 
gs^ed ourfelves to give in this Chapter the Methods of Conftnnfting the 
CAibre Scak mechanically j you muft firft know, that there is nothing 
fo cafy as all thefe Inventions } but if you would at any time try, whe- 
ther or no they can bear the Teft of Geometrical Proportion, which is 
the tme Touchftone of all fuch things, you will infallibly find them in- 
cumbered with Falfities and ErrOurs, and will perceive that it is entire- 
ly impofiible to demonftrate them according to the Rules of Art. We 
muft own however, that fome of them have been found to be right j 
but they have not yet been demonftrated Geometrically s all the reft are 
hOfe, or at leaft doubtful ; which we are ncvertheleft obl^ed to bear 
with patiently, becaufe they do not leem repugnant to common Senft. 
Fcff my part, I never conunended or approved of^ them, inafinuch as 1 
never acknowledged them to be ground^ upon the leaft Foundation of 
Geometrical Truth. Now this Art confifts in one Point, fi’om whence 
if you deviate to the Right Hand, or Leftj fofwards, or backwards, 
whether you carry the Foot all round the Circumference or not, jyou 
Will find your Operations defedive, and yourfelf far enough off from 
what you fought. Therefore I cannot advife smy Body, to make ule of 
this Method. However, that I may not conceal any Article from the 
Reader, who h defirous df knowing every thing, 1 (ball difplay the 
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PraSlice which thofe Artifts we have been fpeaking of, value at fo high a 
Rate : But 1 Ihall here dwell upon two Examples of it only, which feem 
to. me the moft Geometrically proportionate, and better founded than 
the reft. 



EXAMPLE I. 

The Perpendicular, C, K, being drawn ad infinitum j from the Point 
C towards K j in B let the Diameter of a Bullet of one Pound C, B, be 
placed i then from the Center A, defcribe the Circle B,D, E, C j and let 
the Diameter B, C, be divided into three equal Parts, C, I j I, H j and 
H, B ; and let a third be fet off upon the Periphery of the Circle from 
B to F, and from F to E upon one Side of the Diameter, and on the o- 
thcr Side from the fame Point B to G, and from G to D. Now, if 
from C you draw through the Points D, and E, the right Lines C, Li 
and C, M, ad infinitumy you will have your Figure adjufted j by which 
you muft increafe the firft Cube, or the firft Diameter of a Bullet after 
this manner. Having taken the Diameter C, B j from C fwcep the Seg* 
ment of a Circle t, i. then taking the diftancc between the Points i. i; 
from the lame Point C defcribe the Arch or Segment 2.2. and the di^ 
ftance of the Points 2.2. from the Point C upon all the three Lines, will 
be the Side of the double Cube, or the Diameter of a Bullet of 2 Pounds. 
Again, take the tranfverfal Diftance of the Points 2. and i. which is 
marked with a prickt Line, and defcribe the Arch 3* 3 * the diftance 
between the Point C, and the Points 3 upon each of the three Lines will 
be the Diameter of a Bullet of three Pounds. In like manner take the 
diftance of the Points 2. 2. upon the Lines C, M, and C, L, and from C 
defcribe the Segment 4. 4. and the diftance between the Points marked 
with 4 and the Point C will be the Diameter of a Bullet of four Pounds. 
This Method you muft purfue in finding <mt the Diameters of other Bul- 
lets : that is, by adding always the leffer uneven Number, to the greater 
even one, and reciprocally the leiler even Number to the greater uneven 
one j or by taking the tranfverfal Lines drawn betwixt them ; and alter- 
nately as you go along taking the Lines diredtly extending from one and 
the fame Number, as may be feen in Fig. 5. where we have carried on 
the Progreffion to the Number 20 i but as this is felf-evident, it would 
be Time ill ipent to fay any more of it. 

E X A M P L E II. 

Let the Diameter of a Bullet of one Pound be divided into 4 equal 
Parts, and let ^bc added to the fiift Diameter, and you will have the 
Diameter of a Bullet of 2 Pounds j then divide the Diameter of a Bul- 
-Ict of 2 Pounds info 7 equal Pans, and add ^ to the Diameter of a Bul- 
let of A Pounds, and you will have the Diaiiietcr of *a 3 Pounder, And 
Z in 
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in this Manner and Proportion, you muft increafe the Number imme- 
(ifctwly preceding, to find the Diameters of all other Bullets : Thus you 
may continue it to what Number you plcafe* As for me^ I have carried 
it on no further than the Number lo, to favc my Time and Labour j 
but I have continued it in another Method to loo, afcending decimally 
by lo and lo-at a time* and always dividing by 4, as will be plainly 
fhewn by the following Table. As to the Numbers between each 10, 
you arc to proceed with them in the fame manner as you did with the 
ftfft 9 Numbers. Moreover if you divide the Hundreds in the 4 amc 
manner, you will have the Hundredths in the fame Proportion as the 
Decimals and Unities. 
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We have call’d thefe two above given Examples Mechanical ; becaufc 
they are neither demonfkable nor artificial i they may, however, in 
fome re^)c£l: be called Geometrical j by reafon of the great Eelemblance 
they have to Geometrical Problems, that are perform’d with Inftru- 
ments j but nevcrthelels, thefe arc not purely ^ometrical, though they 
may, in forae fort, be called Mathematical j they may* at leaft, be 
raidced amongft thofe that are worked by Scale and Compids only j thp/c 
two Inftruments being immediately founded upon the Pojlulatai that 
is, upon the R^ht Line and the Circle j the fame may be faid of all 
thofe Inftruments that are made by Scale and Compafs j but in the 
main they ^rc merely Mechanical, 
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Appendix. 

A certain eafy Method of ConftruEling the Cahhre Scale. 



^^Otwithftanding that the two Methods we have already given (not 
reckoning the Mechanical one) have nothing difficult attending 
them, it being by them plainly demonftrated, that the firft and funda^ 
mentd Origin of our Scale is drawn from Axioms, and the moft certain 
Truths of Arithmctick and Geometry ; yet as they are a little perplex- 
ed and difagreeable, becaufe of the ExtnuSkion of the Cube Root, and 
the Neceffity of finding out two mean Proportionals j I cannot prefent 
you with a more eafy Direction, than by recommending the Se^or to 
you, provided it be faithfully adjufted ; for as upon that loflrument you 
have the Stereometric Line, exaftly divided into Sides of Cubes, or 
rather the Diameters of Bullets, it is derived from Arithmetical Calcu- 
lation. Therefore having, with a Pair of common Compailes, taken 
the Diameter of a Bullet of one Pound, made of any Metal whatfoever, 
let it be apply’d tranfverlally upon the Cubical Line from i. to i. 
and thus, without removing the Inftrument from its Pofition, take in 
like manner the Diameters of all other Balls or Bullets, and tranfpofe 
them upon the Calibre Scales by this means you will have your Scale 
conftrudted by once opening the Sedor : (Sec Fig. 8.) But if you have 
not the Convenience of a &dor, you may, inftcad of that, make Ufe 
of Fig. 7, with regard to which you may proceed after the following 
Manner. 

Let the Line A, B, be drawn ad Injinitumt upon which, from the 
Point A towards B, fet off the Sides ef all the Cubes taken from our 
Tabic of Cube Roots in Chap. I. which you may do by any Scale you 
pleafe, from Unity to what Number you think fit. Then take the Dia- 
meter of a Bullet of one Pound, made of the fame Metal with thofb 
Bullets you intend to mealufe j and fixing one Foot cS the Compafs at 
the Point i. deferibe an Arch or Segment of a Circle with the other, 
and let its Tangent A, C, be continued ad Infinitum. The Diftance be- 
tween the Divifions of ffie Line A, B, and the Tangent, will be the 
Diameters of Bullets ad Infinitum, increafing continually according to 
the Progreffion of Numbers, following one another in a natural Order, 
and fucccffivcly exceeding one another by one Pound Weigbt at a time. 
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CHAP. IV. 

A Method to find and tranfpofty or fet off the Diameters of 
Bullets upon the Calibre Scale ^ whofe freights arelefs than 
one Pound, the Diameter of a Bullet of one Pound being 
firf given* 

S uppose then that the Diameter of a Bullet of one Pound (as we 
have already obferv’d in a foregoing Chapter) be divided into loo 
Parts} let it be cubed, and you will have 1,000,000, divide this by 32, 
(which is the Number of Loths^ or half Ounces in a Pound) and you 
will have 31250 in the Quotient, from which} if you extrad the Cube 
Root, it will be found to be 31. Take off then with your COmpafles 
that Number of Parts from the Scale above-mentioned Fig. i. and fet 
them upon your Calibre Scale ixom A to B, and you will have the Dia- 
meter of a Bullet of one hoih^ or half an Ounce. Ndw, in order to 
find the Diameters of Bullets, whofe Weight confifts of feveral Loths^ 
or half Ounces, you need only double, treble, &c: the Cube of the Di- 
ameter 3 1, which was laft found, and then extrad the Cube Roots of 
your increafed Numbers, in the fame manner as was done to find out 
the Diameters of Bullets weighing feveral Pounds. This is the Method 
I followed in the compofing of the following Table, from whence you 
may take the Diameters of half Ounces and tranfpofe them upon your 
Calibre Scale, by the help of the Diagonal Scale beforementioned. 
Furthermore, if you would have the Diameters of the Aliquot Parts of 
an half Ounce {viz) the i the i the 4 the divide the Cube 31 by 2, 
4, 8, 16, and extrad the Cube Root from theQwtient of eachDivi- 
fion, and you will have the Diameters of the Aliquot Parts of an 
half Ounce, as may be feen by the following Table. 
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ANOTHER METHOD. 

Take the Diameter of a Bullet of 2 Pounds, and divide the fame in- 
to 4 Parts, and ? will be the Diameter of a Bullet of half an Ounce } take 

P again 
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again the Diameter of a Bullet of 4 Pound, and divide it into 4 Part^, 
and I will be the Diameter of a Bullet of an Ounce. Thus you may 
go on with encreafing your Diameters 2 Pound at a time, and dividing 
them into 4 equal Parts, and i will be the Diameters of Bullets, en- 
creafing half an Ounce each time in weight. 

Thus you may ctmtinue till you come to 64 Pound, for the i of 
the Dianaeter of a Bullet that weight is exadiy the Diameter of 
a Bullet of one Pound. 

If you would work this by the Compals of Proportion or Sedor, 
tranfpofe the Diameter of one Pound, taken with the common Compafies, 
tranfverlly upon the Line of Cubes, {or, which is the fame thing, upon 
the Line of ^lids) between 32 and 32, and without alterii^ the Infiru- 
ment, add together all the tranfverfal Diftances between i and i, 2 and 
2, 3 and 3, and fo on to 3 1, and you will have the Diameters of Bul- 
lets of all the half Ounces contained in a Pound. If you do not make 
ufe of the Sedor, the Fig, 7. I gave you in the foregoing Chapter 
will ferve your Purpofe, provided that by means of any Scale of equal 
Parts you let off upon the bottom Line 32 Stereometrical Spaces from 
A towards B, each diftinguiihcd with Points and Numbers and if you. 
go on ftill farther, you muff take care to carry on your Operation in 
the Method I have already laid down. 



CHAP. V. 

A Method to find the Diameter of a Bidlet of me Pound hy 
the Diameter of another Bullet weiring feveral Pounds, 

arithmetically. 

'T^HE Method we fliall take in this Operation will differ but little 
from - what we have feid in die foregoing Chapter, except that 
the Diameter of the given Bullet may be divided into a certain Num- 
ber of Parts, as for Example into 100, 200, 300, or elfc into 10, 20, 
30, eSc, more or left, but you will work upon a more cenain Founda- 
tion the larger the Number it is divided into. You need not here ftick 
to the Obfcrvance of the 100 Parcs of the Diameter of one Pound, as 
we have already divided it, which you will perceive by what follows. 
Suppofe now for Example you have an Iron Bullet, or one made of 
any other Metal, of any Size and Weight whatever j and liippofe you 
would by Means of this, know the Diameter of a Bullet of one Pound, 
made of the fame Metai with itfelf. In Fig, 8. let A, C, be the Dia- 
meter of xn Iron Bullet A, B, C, D, (which you may take with two> 
fmall gnomonical lnfirufneucs, -devated upon any PHtne, or with the 

I Calibre. 
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Calibre CompalieB, &c.) divide the® the Diameter into a certain Num- 
ber of equal Parts j let us divide it in diis Example into 100 equal Parts, 
as we have elfewhere done with regard to the Diameter of a Bullet of 
one Pound j this done, divide the Cube of 100 by the Weight of the 
Bullet : Set the Cafe that the Ball be a 24 Pounder 5 you mull divide 
the Cube of 100 by 24, and extrad the Cube Root from the Qgpdenc 
of your Divifion, and you will have die Number of Parts which conili- 
tutc the Diameter of a Bullet of one Pound, as may be fecn by the fol- 
lowing Operation ; 



lb Cube. 

24) 1,000,000 (41,666 (34 Root 
96 • • • • 27 

.40 14666 

24 12304 



160 2362 Remainder. 

144 

. 160 
144 

. 160 
144 



3 3 

X2 9 

3 3 

36 27 . . 

360 



3076 

4 



12304 



16. 



Obferve here that if from the Diameter of a given Bullet, you would 
know the Diameter of a 2 Pounder, you muft divide the Cube of the 
Diametrical Parts by half the Weight of the given Bullet j again, if you 
would have the Diameter of a 3 Pound Ball, you muft divide by i) of 
the W’eight of the given Bullet ; in fliort, if you would from this liikc- 
wife have the Diameter of a 4 Pound Ball, you muft divide the Cube 
of the Number of Parts, into which the Diameter of the given Ball is 
divided by of its Weight; which done, extradb the Cube Rooa from 
your Quotients, you will have what you required. 



geometrically . 

Let the right Line A, B, Fig. 9. be drawn ad ii^mtumj and upon Ag 
Point A, let fall the perpendicular A, C, upon which iet off the Dia- 
meter of the given Bullet from A to D; at cbe lame rim** at is 
that you ftiould know the Weight of the given Ballet, which if it does 
not exceed 8 Pounds, divide the Diameter into two equal Parts, amj 
then fubdivide the upper Sedion into 100 equal Parts : But if the Ball 
exceeds the Weight of 8 Pounds, you muft divide the Diameters of all 

Bullets 
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Bullets becuPbm 8 and 27 into 3 eijual Parts, obi^ing to fubdivide the 
liard, into 100 equad Paits as b^re. Again, if the Weight 
of thcBuUet exceed 27 PcHuds^ 700 m divide the Dko^ters of all 
Bullets between the laft mentitnied Niunbo' and 64 into 4 equal Partsi 
if it exceeds 64 into 5, if 125 into 6, and if aid into 7. And thus you 
inuft do fiioccffivelf ■whenever the W^fat of a Bullet exceeds any cubi- 
cal Number i diat is, you rntdl divide its Diameter into as many equal 
Ps^as dbe Root of the fuhCbquent Cube contains Umtks^ and always 
iubdivkfe the upperm^ Se&ion into 100 (mailer Pam. This beiog 
fuppofed) let the right Line F, G, be drawn parallel to the Ekfc 
frcun 1 , that cuts off the lower Divihon of the Line A, D, and then look 
for the Cube Root inlerted over-againft the Weight of die Ball in the 
Stereometric TaWc, which having found, take the Diamet^ of it with 
a pair of It being very evident that each of the Sections into 

which the whole Diameter is divided, contains 100 Parts equal to thofe 
into which the upfMsr Se&km is fubdivided, inajteuch as they three are 
all equal within thcmfelves j it will follow, that you muR reckon from 
A towarda C as many Pam as the Number in the Table of Cube Roots 
over-ag^mift the Weight of your Bullet conuins Unities. Then fodng 
<me ^ Feettf your CmnpaRes at the Point of the Number found, 
with the ocher deicribe an Arch of a Circle, interiedling the Bale of the 
Figure j and from the Point of Interledion draw a right Line to the Point 
of the Number found, which muft neccRarily cut the Line F, G, parallel 
to the l^e ; then take the diihmce between the Points of one and the 
other Interfedfcion } that is, from the Bafe to the other Line that is pa- 
rallel to it, and you will have what you required. 

In Fig. 9. Let A, D, be the Diameter of a Bullet of 10 Pounds: Now 
becaule this exceeds the Weight of a Bullet of 8 Pounds, its Diameter is 
divided into 3 equal Par^ which are A, F, F, K, and K, D, and its 
upper Sedioa is ftfodivided into xoo equal Parts. Frcan the Point F 
w^h mterfo^ loym: Third of the Diameter, draw the Line F, G, 

kx>k for the Number in the TaWc 
of Roues of your Btdkvtnd you 

wiR hud it 215. Supfx^^ now dtar A, F, and F, K, o>ntain 
each 100 Pam; ifyou red^ 215 Pm focm A, towards C, you will 
fold the Point L, horn whence if an Arch of a Circle be deferitx^ whole 
Semi-Diameter is equal to the I^ai^tw the given BuUet, it will in- 
terfed the Bale A, ^ in the Point H ; ai^ a right Line being produced 
fr<»tk to L, it in like manner mterl^ the line F, G, in the 
Point and dtos ^ djftaflce between the Points H and I, is the Dk- 
jaitto' of an Inw BuU^of one Poimd, whtdt was requhed. 

Ob£^e bc3» thut ht \Krd^c of die ghien Bullet sifwers exadly 
to a Odncai |0u hi that Cafo divide its Dbmeeo^ Into as 

fofo and prmQp^ Pi^ as the Root of it contaim Unidesj for 
m of the Pm of a j[>iameier the» divided will be tbe Diameter of a 

Bullet 
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Bullet of one Pound : But all this being extreamly eafy, it needs no fur- 
ther Illuftration. 

This may be performed with much more readinefs with the Sector, by 
putting the Diameter of the given Bullet between the Points and Num- 
bers that exprefs the Weight of it upon the Stereometrical Line, and then 
upon the fame Line taking the diftance between the Points i and i, 
which diftance will be the Diameter of a Bullet of one Pound. 

With the fame cafe and to the fame purpofe you may ufe the Fig. 7. 
defcribed in the third Chapter, if you rightly conceive how to put it in 
pradtice. 



CHAP. VI. 

Method to find the SoMtty of all forts of Bullets^ whether 
tn Cubical Inches^ or any other known Meafure, 

7 E fhall meet with no great difficulty in folving this Propofition, if 
’ ^ we take Notice of the Demonftrations of Chrijlopher C lavius in Lib. 
V. Folio 263. of his FraBical Geometry^ concerning the Cube and the 
Sphere, where he tells us that the Cube of the Diameter of a given Bul- 
let is to its Solidity as 2 1 to 1 1 ; for Example, let the Diameter of a Bul- 
let be 6 XJnciee or Inches of the Rhynland Foot, the Cube of 6 is 2 16 j 
if now by the Rule of Three you fay, as 21 is to 1 1 fo is 216 the Cube 
of the Diameter to the Solidity; you will have 1 13, which is the Num- 
ber of Cubic Inches contained in the given Bullet. Obferve here, that 
if you extradt the Cube Root of the Number denoting the Solidity of the 
Bullet, you will have the Side of a Cube that will be equal to the given 
Bullet in Weight and Solidity. 

Furthermore, if by a given Solidity of any Body, you would have 
the Diameter of a Globe or Ball equal to that Body in Weight and Soli- 
dity, you muft invert the foregoing Analogy, and let it be as 1 1 to 2 1 ; 
for in that Ratio will the Solidity given, be to the Cube of the Diameter 
of the Ball required. In the above Example you have a Solidity given of 
1 13 Cubic Inches, which if you apply thus to the Rule of Three, and 
fay; as 1 1 is to 21 fo is 1 13 the given Solidity to the Cube of the Dia- 
meter required, you will have 2 i^j now the Cube Root of this Number 
(viz.) 5 will be the Diameter of a Bullet equal in Weight to the given 
Solidity. 

Again; you may know the Weight of any Bullet by its own Solidity 
given in Cubic Inches, without the Calibre Scale or any Mechanical In- 
vention whatfoever. You muft firft know (what I believe is very well 
known amongft Pyrotechniciatis) that the Bullet whole Diameter is 4 

G Cncicc 
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Umm or Inches of doiiMhynUmd Foot weighs 8 Pounds of Iron : This 
being granted, and the Solid Contents of any Bullet being given, you may 
folve it by the Rule of Three diis Manner (viz.) as the Cube of 
the Diameter of 4 Undos Indies is to due We^t of 8 PtHinds, fo is 
the Cube oS any other Dianaecer det^ nuned by the hune kind of Mca- 
hire to its own Weight Whkh may be eahly cc»iceived by the foUow- 
ing Example : 

64 : 8 : : 216 
8 



64) 1728 (27 Pounds of Iron. 
228 



448 

448 



N. B. 64 is the Cube of 4, 
and 216 the Cube of 6. 



CHAP. VII. 

Method u find hy NnnAm the Diameter of a Buffet of 
an ufdsmtm if the Diameter of a Buffet of one 

Pound made tf thefitme Metd^ 

Sdutioa of this <^)ends entirdy upon the Rules laid down in 
the firft CbapteftOs we 0 iall fhow in the following Example. Sup- 
pofe now, you are asked how many Undos or Inches of the Rbynbmd 
Fom confUtute the Diameter of an hon Bullet weighing 1000 Pounch. 
In orda* to hod, multiply the Cube of the Diameter of a Ball of 
one PcxiQd, W which the Bullet whole DUune> 

ter you fe^ for Welgl^ then excr^ die Cube Root horn the Produ^ 
and your Qudlion wUl he anfwered. As here in our Esomple the Dia- 
metcr an Irtm Ball of one Pound is a Umia or Indies of the Rly»~ 
landFooc who^ Cube is 8$ now 2000, the Weight of the given Bullet, 
being mtdtij^ed by 8 it will produce 8000, of which 20 beiiig the Cube 
Root, that Number is the Diameter of an Iron Bullet wdghh^ 1000 
Pounds } dtat h 20 Uadse or Inches of the ffiydand Fomi uhkb was 
required. 



CHAP. 
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CHAP. VIII. 

The Method to exandne the Truth or ExaBnefs of the Calthre 
Scale^ and of Its particular Ufe in Pyrotechnkks. 

T T often happens that wc dare not rely upon Inftruments, that have 
been wrought and adjufted by the Hands of a Workman, and feldom 
make ufe of them till they have been thoroughly examined by us, 
as to their Exadtnefs and Truth j for from a falle or miftaken Conftru* 
dion of them, innumerable Errors and Abfurdities arilc, as daily Ex- 
perience evinces. It will be then neceflary that our Calibre Scale 
Ihould undergo a ftrid: Examination, whether it has been made by your 
felf or an Inftrument-makerj you may then adjuft it after this man- 
ner. With a Pair of common Compalfes take the Diameter of a Bullet 
of one Pound, which muft be repeated as often as the Length of the 
Scale will permit, and upon the Points already engraved. ' Now this 
lirfl; Diameter will fhow ail the Points that are diftinguiftied or deno- 
minated by Cubical Numbers; for Example, being once taken it will 
extend to i, which is the firft Cube; the next time to 8, which is the 
fecond Cube ; the third time to 27, which is the third Cube ; the fourth 
time to 64, which is the fourth Cube; the fifth time to 125, and fo on 
with regard to the reft. After the fame manner, the length of the Di- 
ameter of 2 Pound will point at the Number 8 twice repeated, viz. 
to 16; and thrice taken, it will point at 27 twice repeated, that is to 54, 
and fo on of the other Diameters, as will appear by the Table at the 
end of this Chapter ; in which the Numbers^that are under A, are pri- 
mitive or original, by a Repetition of which are produced all thofe un- 
der B : Thus from the firft Diameter thefe Numbers arife (viz.) 8, 
27, 64, 125; and all the others that follow in that tranfverfkl Ordcr^ 
or in that Line. From the firft Repetition of the fecond Diameter 
will arife 1 6, from the fecond 54, and fo on of the reft. Your Calibre 
Scale having ftood this Proof, you may fafely make ufe of it. Now 
though its Ufes are very various in Pyroteebmehy ytt its principal Bufi- 
nefs is to Calibre Cannon Bullets, and the Bores or Orifices of warlike 
Machines, fuch as are all Pieces of Ordnance, Mortars, Petards, ©’c. 
As for Example, let there be given a Cannon, whofe Bore is as in the 
Fig. 8. A, B, C, D, let the Diameter of its Circumference be A, B, 
which having taken with a Pair of Compaffes, tranfpofe it to your 
Calibre Scale (having firft allowed for the Vent of the Ball, as we fhall 
obferve hereafter) and one of the Feet will point out to fome Number 
on your Scale^ exprefling the Weight of a Bullet of the fame Diameter. 
As in our Fig. the Diameter B, E, (without reckoning A, E, which is 
I the 
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the Fent. of the J^I) being applied to the Calibre Scale y prepared for 
calibring Iron Ballets, you will have the Number 2, which is the Dia- 
meter of a Bullet of 2 Pound, by which you will readily conclude, 
that the given Onnon carries a twd Found Ball. If you apply this 
fame Diameter to the otha* Superficies of die Scahy where the Diame- 
ters of Lead are marked out, you will find feme Number denoting the 
Weight the fitme Bullet if it was made of Lead. 

Obferve here that if the Diameter of any Bullet being applied to the 
Calibre SceUci does iK)t anfwer exadUy to an Integer or Pound ; but ex- 
tends a little beyond it; you muft know that the laid Bullet is heavier 
than a Pouid^ now in order to find k>w much it exceeds it, take no- 
tice of the foliowuig Method.^ Let a certain Diameter extend fixnewhat 
beyond the* Pmnt i upon your Calibre Scale\ then fee how many Parts 
your Diameter is ccanpofi^ of, and likewife how many of the lame 
Parts confiitute the Diameter of a BuUet of 1 Pound. Let us let the 
Cafe here, that the Diameter of i Pound is divided into 100 equal 
Parts, and that the given DianM^ contains 108 of the hkePar^ ; 
From then<» ytm will namtaify infer, diat the Weight of a Bullet of 
that Diameter, eameeds iht We^ht of a Bullet of i Pound, in the fime 
Prt^Kntkn ta tltt 108 exceeds that of 100. Now to find out 

exadly how mutdi the one we^bs more than the other, you nmlt 
reafbn after this manner the Rule of Three: If 1,000,000 the Cube 
of 100 gives 3a half Ounces (or a Pound) how many will 1,259,712 
(whicb is the Cube of 108) give? This being p^cwi^ after the cona- 
mpn way, it will oesne emt abo^ 40^ which will be the Number o£ 
half Ounces tl^ yoiw Bi^fit we^s^ and o>ni^uently it will be ex- 
actly 4 Oimces hoivier than a BuUet of one Pmmd. 
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CHAP. IX. 

Of the Mutual Ratio of Metals and Minerals between them^ 
fehes, or how to find by the Weight and Magnitude of 
any Metallic Body the Weight and Magnitude of another. 
Moreover how to fet off the Diameters of Bullets made of 
fever al forts of Metals and Minerals ^ &c. upon the Cali- 
bre Scale. 

OINCE in Pyrotecbnicks not only Iron Bullets are ufed; but fuch alfo 
^ as are made of different Metals and Minerals, as Lead, Stone and the 
like ; and as in meeting with Bodies made of various Subftances, it fre- 
quently happens cither through Neceffity, or elfc to fatisfy the Curiolity, 
that we would gladly know, by means of the given Weight or Magni- 
tude of any Body, the Ratio of the Weight or Magnitude of other Bo- 
dies made of different Metals, or Materials j I could not omit obliging 
thofe who have a Genius or Inclination to Pyrotecbnicks^ by pointing out 
the Way for them to come at this piece of Knowledge, and that, by 
fhewing them in this Chapter certain mutual Ratios and Properties of 
Metals and Minerals between orte another; which I have here taken 
from the Works of the mofl learned and experienced Authors. How- 
ever, I muft beg of the Reader, that when he meets with thefc mutual 
Proportions of Metals in other Authors that vary a little from ours ; I 
fay, I muft beg of him not to take it amifs, that we have ftuck to the 
lateft and neweft Experiments j though we are far from aiming at a Di- 
minution of the Authority of others j eafily imagining that every one 
knows well enough ( as Matthias Bemeggerus fays in his Annotations up^ 
on the Treatife of Galileus de Galileis) fhat pure Metals^ that is, fuch as, 
free from the Commixture of any other fort of Metal, do not fo mutually a^ 
gree, but that their Ratios are fubjefi to fome change, and that they weigh 
differently when of the fame Kind, ^hus Gold is found to be heavier or 
lighter than Gold, and Lead than Lead, according as they differ in Magni- 
tude. Moreover, hammered Metal is heavier than that which is cajl, its 
Parts being moreclofely compaSied by being hammered than by being melted. 
T'herefore in vain do you feek after this PerfeBion. 'The different Specific 
Gravity of Stones is much more confiderable than that of Metals. Some of 
them are very porous, and called Sand Stones -, other forts of them are more 
folid, but thofe difagree greatly from one another in Weight. Moreover, 
the different ways of weighing certain grave or heavy Things, have a 
great Refemblance to Aftronomical Obfbrvations, which almoft always 
differ fome Minutes or Seconds from one another. Now as it is neceffa- 

H ry 
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ly that you fhould know, in what manner the Learned have eftablUhed 
certain Rules, and lurniihed os with infallible Experiments, to deter- 
mine the different Specific Gravicks of and to &cilitate the 

greateft Difficulties you might meet tvitihin your l^earches after a Ccr- 
rakity upon this Head, 1 ihail ful^in what Merpmms (one of the 
greateft Mathematiemns our Age fmxiuced) on fids Sbbjed^ in 
Ms Book of 

Wirfi tben^ Imad^ Expenments upoxZaqtm-s by fourhtg them htU PM- 
als, iDbieh are the bef^ the narrmer their Necks are, and retmd the Neck 
you fye a thready or draw a Idhe that you may exa&^Jll the Bottle to the 
fame height different lAquors. I need not here mentim, that you tmfi 
dry the Bottle well every time, for fear the leaf drop of the Liyuor t^d in 
a former Experiment by adhering to the Bottle, either within or nmthout, 
fiould binder you from exoBfy fating out the specific Gravity ff the Li~ 
quor you are trying', neither need! mention wbat has otherwife been fidd of 
Balances and Bteel-yards, and of tin I>h^m ffWnghts in which the great- 
eft RxaBnefs is required. 

But tins Method is mt convenient for weighis^hard Bo£es, fitch as are 
aU JMetsds, except they be firft melted, and I acew£,ngly took care to melt 
them ', but Mftdes that aU Meteds domt ftU the fisme Mould (asl fisewed 
Prop. 8. LiK IV. concerms^B/ddi^ and that Jbm contain more Air than 
others, and that feme orenta to be meked without a good deal ofs^cuky, 
fitch as Copper impure Brafi i Stosies and Wood eannot be meked at aU\ 
I therefore examned Metals after they had bpm drawn into fine Wire (as 
may be feen from the ahove-qtoted Booh ofMaxmQsry)wlneb nrigjhirq[ me 
fill Satisfa&ieny becaufe of the vmions Size ff theffsre, the firft ff it that 
paffes thros^b the Maid beis^ thieier than vdsat comes through sffterwardsi 
as^ fence feme Metals cannot be drawn info Wire no more than Wood or 
Stones, hCc. I thought it neeeffdry to think ef fosse other way, 

^he third Method that I thought nfofot home done was By gettit^ Bodies 
snade into Spheres, Cubes, and Paral^fepedsi but StsmeSyMetAs, Wines, 
icc, cannot be Jbapedwith a Plane or tssrned in a LeaAs', and therefore at 
loft Xftnd the beft vmy to hey to w^ffieMfbhd Baddes wib an exoB Bsslance 
in Air or Wafer ^ or in eachfuccefi^, to find the Jdfferessces of their Weight, 
In Air the Liquors are to be examwd and eos^mred with Water, weigbis^ 
them in the above-mentiomd Bottkmth a narrow Neck : But the reft of the 
Bodies being bardmght Me the Lfotam be msaSly wAgbedin ^r, if they 
were equal in Bulky or iftbed^erence of timr Bsdkwas known $ but as 
their Pigures are consnsmsfy Mfferent aniirregfoar, nothing is more come* 
ment or exs0 tbanwefgMng them in Water, and by coes^arnqg a Bulk of 
Water equal to them, to their Gravity, we may find out how much one Body 
isheaviertban emithef,andifthis be wee reduced m arable the whole La- 
bour win bejfived. 

The fame Author ftys, I remember DUnoc a Gecttnctrldan was ufed to 
reduce aU Metals to the Pans half Pint (er the 

1 that 
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that Meafure of JVater to weigh one Pound, he faid that the following Me- 
tals were in this Proportion j (ftr Example) fucha Meafure <f Iron would 
weigh 8 Pound, (f Silver 10 i Pound, of Lead i i | Pound, and Gold 
jg Pound, and that a Leaden Ball whofe Diameter was 1 Inch and 
8 Lines weighed i Pound, but when be propofed to fill a Pint with 
melted Metals to find the juft Weight of the refi, I ddjfuaded him from 
it‘, becaufe I found that Moulds and Vefiels are not equally filled by Affer- 
ent Metals', and that fame Metals are more full of little Vacuities (or Wind 
Holes, as the Smelters call them) them others. 

It is here then that Merfennus (hews us the mutual Proportions of 
Metals, which he has very accurately reduced to a Tables adhring us 
that Bodies of Metal of one and the lame M^nitude, oblcrve the 
following Ratio and Order, with relpcd: to one another as to Weight; 
to which we have added the Proportions that Sulphur and Wood bear 
to the Metals, 

Gold 

Mercury - -- -- -- - 

Lead - -- -- -- -- 

Silver - -- -- -- -- 

Copper ------- -- 

Brafs mixed with Lapis Calaminaris, 

Iron - -- -- -- -- 

Common Tinn - - - - - - 

PureTinn - -- -- -- - 

Loadllone - -- -- -- - 

Marble - -- -- -- -- 

Stone - -- -- -- -- 

Chryftal - -- -- -- - 

Sulphur - -- -- -- - 

Water - -- -- -- -- 

Wine 

Wax - - 

Oil - - 

Lime-T rcc Wood ------ 

The particular and principal Ufe of this Table will be to Ibew, by 
the known M^itude and Weight of any Bodies made of any of thcle 
Materials^ the unknown Magnitude and Wei^xts of any ocher Bodies 
made of the fame ; and likewife their mutual Ratio’s with r^ard to 
M^nitude and Weight. If for Example you would know the mutual 
Ratio of the diflFcrcnt Specific Gravities of Iron and Lead; that is, in 
what degree Lead is naturally heavier than Iron; (fuppofing their Bulk 
to be equal) yoM muft look into the above TaUe, where you wiU fee 
thae the Weight of Lead is to the Weight of Iron, as 6oi is to 42. 

This 
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This being known ycHi wili ea^y fblve this Problem, which Is irt troth 
a very cxcdlent tme, and perie^y iMccflary in Fyntedbmeks, To iUu- 
firatethis, thm is an Inm^ilannon given whoife Wei^t is 2000 Pound; 
now I demandhow tn^ Pouifi& fir^ Would be reqoifite to make 
aiK>ther Cannon of d» iiune St^ in thb iimae Form, and with all die 
£une Chnao3ea& and ]&id)^hhinents wkh die giv^ Cannon. In wdtes 
to Alvethk^ year nst^ proceed in this manner, l&Ving h’om the 

above Table^tak^ the Numbers mtpre&ig the Ratm the two Me> 
tals; fay, as 42 (the number expre6h^ . ^e Wci^ of Iron) isto 45; 
(the Number ezprodu^ dte We^ht of &afs mixed ynxh Li^ Cola- 
mtu^y Si is aooo Pc^nd, the We^t of the given Iron Cannon, to 
the Wdgift of die Bra& mte fo^ht; this being performed, you wih 
find, d«t the We^t c^ Brds m^d wi& CaUmnmSy requifim 
to make a Cmon, lilm die given one» w 91 be a 14a Pound and 27 
<»- 13 I Ounces, or thereabouts. 

By invertmg the Order of theie Ratios, and by knowing the exaCtDi- 
menfions of ai^ Bod^, you will eafily difeover the M^mtude of any 
otb«Body, whj^ M^nicude is meafiired wkh die fiune Parts, and is alio 
td* equal We^ht widi the ^ven or known Body, and of ^ fiime Form, 
though dpnmit l^iUt. For Example, let theMa^fitude of an Iron 
BuHa of one Found be known, wbofe Diamemr is divided into 100 
equd P»ts; (as we have mwe thsua once ob&rvcd;) by which y<»i 
would know the Diameter of a Lea^ Bullet (f ^ fiune Weight. 
In order to difthis, look for the Ratios of th^ Specific Gravities in 
the above Taide, as 60 f k 1042, fo will the M^nkt^ of an Iron 
Bullet be to M^^uie (f a Le^en^Bullet of the iame Weight. 

Now in <Mder to ktmw the Numb^ of equd Parts whkb the Dia> 
niters of one and dK other ^llet ought to contain, I have inierted an- 
otho* TaMe wlMdi 1 have careful^ calculated, by t^bdp of the Tabic 
of Cube R00& in the Chapter of this Book; and likewife ly the 
Affiftasce of die mutual Rt^os of the Specific Gravities, as In the 
above Table ;e m d«i^ which we obferved this Method We multi^ 
plied ^ Rtm of the humbedth Cube, tadten from the Stereometric 
Tal^ that k»^464,4dways hy too, and dhrided the I^bdi^ 46400, by 
the Roms ove4>«grii^the Nmnhefs anfiKT^urii^ to Gravides 

of Mmals with r^ard to Gold. For Example to find the Number of 
Partsfdhk^ e^sei^iu^ di<e of 2 jifivlded 

ilbmma^o4, by 

^ Root4 whklt 

k k dieTHaim^cer of a Bullet a£ 

k^ead; ^ nuafe d Gold, ^thk 

cdbndated^dift . 4 ^ vdAdi ifiynu^ pleafii to make:a|eo^ 

you w^tm ro fin^ E>ksu%er of 
%JLokleu t P^^ aad i^t you aiceaufy luve the Diametm 

divided^tbeq^Pms, 

we 
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we will here (as well as wc have elfewhere) fuppofe to be 100. This 
done, range the proportional Numbers of the two Metals in this man> 
ner by the Rule of Three (viz,) As the proportional Number of Iron 
(which in the Table is 133} is to the proportional Number of Lead 
(which in the lame Table is 1 18) fo arc the 100 equal Parts, of which 
the Diameter of the Iron Bullet is compofed, to the Parts of the Dia- 
meter of a Bullet of Lead of the fame Weight with the Iron one; 
which was required. 

Having worked this Analogy, you will have the Diameter of a Leaden 
Bullet confining of 88ttt Parts of the fame Bignefs or Nature as the 
100 Parts, into which the Diameter of an Iron Bullet is divided. Thus 
you arc to proceed to find out the Diameters of Bullets, of the other 
Metals, but of equal Weight with one of Iron. In Ihort, the Diameter 
of a Bullet made of any kind of Metal being known, you will have the 
Diameters of all the reft, by taking their re^edtive Numbers from our 
Table of Proportions, and then working them by the Rule of Three. 
By what we have been laying, wc fliall readily come at all the Diame- 
ters that arc ufually found upon the Calibre Scale. Moreover wc may 
not only have the Diameters of Globes or Bullets, but alfo all the Ho- 
mologous Sides of any Bodies, as well regular as irregular (provided, 
they are made of fuch Materials as are to be found in our Table) toge- 
ther with their mutual Ratios as to Magnitude, as may be conceived by 
the following Table. As for Example, let there be given a Cube of 
Wood, whole Weight is 10 Poundj and let it be required of you to 
make a Cube of Copper of the fame Weight with the given one; to 
do 'this, divide one Side of the given Cube into a certain number of 
equal Parts j (but it may not be improper to tell you; that the more 
Parts you divide it into, the more exadt will your Work bej) let us here 
luppofe the Side of the given Cube to be divided into 60 equal Parts ; 
then take their proportional Numbers from the following Table, and 
range them as ufual in cafes of the Rule of Three (viz.) as 309, the 
proportional Number of Wood, is to 128, the proportional Num- 
ber of Copper, fo is 60, the Number of Parts into which the Cube of 
Wood is divided, to the number of the fame Parts requifite for the Side 
of a Cube of Copper, of the fame Weight with the Cube of Wood 
which was given; from which there will arife this Number 24 fl?, which 
are the Number of Parts of the lame Bignefs, or Namre with thofe in- 
to which the Cube of Wood was divided, as are neceflary for the Side 
of a Copper Cube, of the lame Weight with the’ Wooden one. 

What has now been done with regard to the Side of a Cube, as a re- 
gular Body, may be done with refpeft to the Homologous Sides of an 
irregular Body ; and thus may you have the Magnitudes of (equipon- 
derant Bodies, made of different Metals, fuch as Brafs, Iron, &c. and 
all by the help of Models or Moulds, (to ufe the term in the Proplajiic 
Art) fuch as the Moulds of ^1 the Pyrotcchnical Bodies, which arc for 

I the 
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the tnoil part irregalar, as all Cannon^ Mortars, Petards, and fuch like 
Machines; whether they be made of Wood, Wax, Lead, cm: dnj other 
Metal or Mineral what&ever. To conclude, we may ea£ly come at a 
Knowlet^ ci the Bneresde or Atigmentation of any fikxly, hich 
means as we have been fjpeaking ofy and the aifiihince the Table 
of Cube Roots given in die feft Chapter ; always obferving that the 
given and re^irtki Bo<h^ be esadly of ihe lame Form. Omcerntng this 
Sulked you may, if you pleafe, have ro:ourlc to the 25th Problem in 
GdIiko*s Treadleof the wha^cin he Imw to find out 

the fame thing by an Inllhunent of his own Inventitm. 

Obferve here idm have not gi^ Ac Prop^ of nuxedMe- 
tab to Ae oduaa; it bdu^ veiy d^cult n> afi:ertam any Rules concern- 
ing it; bccaufc Ac Founders, and fuch like Wmfaneaii, have very 
various MeAods of ailayh%, or mbdng Metal when they call Cannon, 
which welhall Ipeak more fully in anotho* Place. We have, however, 
oblerved by Experience, Aat Ae Weight of a Metal mixed in filch 
Proportion, as duttm 100 Pound of Copper, Aerc is 20 Pound of Brals 
mhi^ wi A Za/is Calamnaris ('^ich Ae Latins c^led Aurtc^lcum, the 
Germans MeJ^^, Ae Teks We Zattiiiy and 10 Poui^ of 

Tmn; (an Allay WhiA is efiAAed Ae ftrchgel^ and is now in general 
uie ainbi^ Ae 'J^tropean Nations) comes Ae nearelb in Weight to Ae 
Spedfic Giavi^ of Bra& niade wiA 

Diamters of i£^oipoQdaraQt dmded Into equal Parts^ 



Gold - - ^ - 100 

Mercury - - - - - - »■ - - iii 

Lead - - - - - - - - - - 118 

Silver - -- -- -- -- - 122 

Brab^Q^pper ------- 128 

Brais wi A - - - 130 

Iron - - - - ^ - - - - - 133 

Cenuntem Tinn - - - - - - - 136 

Pure Turn - - - - - - - - 137 

Ixadftone - - - - - - - - - i^6 

Marble - - - - - - - - - 168 

Stone - - - - - - - - - 192 

Chrjdbd ^ - - - - - - - - 201 

Sttl^unr - -- -r---- - 202 

. W^Uier - - - - - - - - - - 266 

Wine - - - - - - - - - - 267 

Wax - « - - - - - - - - 271 

Oil ---------- - 276 

Lime-Tme Wood - - - - - - 309 
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we will here (as well as wc have elfewhere) fuppofe to be 100. This 
done, range the proportional Numbers of the two Metals in this man> 
ner by the Rule of Three (viz,) As the proportional Number of Iron 
(which in the Table is 133} is to the proportional Number of Lead 
(which in the lame Table is 1 18) fo arc the 100 equal Parts, of which 
the Diameter of the Iron Bullet is compofed, to the Parts of the Dia- 
meter of a Bullet of Lead of the fame Weight with the Iron one; 
which was required. 

Having worked this Analogy, you will have the Diameter of a Leaden 
Bullet confining of 88ttt Parts of the fame Bignefs or Nature as the 
100 Parts, into which the Diameter of an Iron Bullet is divided. Thus 
you arc to proceed to find out the Diameters of Bullets, of the other 
Metals, but of equal Weight with one of Iron. In Ihort, the Diameter 
of a Bullet made of any kind of Metal being known, you will have the 
Diameters of all the reft, by taking their re^edtive Numbers from our 
Table of Proportions, and then working them by the Rule of Three. 
By what we have been laying, wc fliall readily come at all the Diame- 
ters that arc ufually found upon the Calibre Scale. Moreover wc may 
not only have the Diameters of Globes or Bullets, but alfo all the Ho- 
mologous Sides of any Bodies, as well regular as irregular (provided, 
they are made of fuch Materials as are to be found in our Table) toge- 
ther with their mutual Ratios as to Magnitude, as may be conceived by 
the following Table. As for Example, let there be given a Cube of 
Wood, whole Weight is 10 Poundj and let it be required of you to 
make a Cube of Copper of the fame Weight with the given one; to 
do 'this, divide one Side of the given Cube into a certain number of 
equal Parts j (but it may not be improper to tell you; that the more 
Parts you divide it into, the more exadt will your Work bej) let us here 
luppofe the Side of the given Cube to be divided into 60 equal Parts ; 
then take their proportional Numbers from the following Table, and 
range them as ufual in cafes of the Rule of Three (viz.) as 309, the 
proportional Number of Wood, is to 128, the proportional Num- 
ber of Copper, fo is 60, the Number of Parts into which the Cube of 
Wood is divided, to the number of the fame Parts requifite for the Side 
of a Cube of Copper, of the fame Weight with the Cube of Wood 
which was given; from which there will arife this Number 24 fl?, which 
are the Number of Parts of the lame Bignefs, or Namre with thofe in- 
to which the Cube of Wood was divided, as are neceflary for the Side 
of a Copper Cube, of the lame Weight with the’ Wooden one. 

What has now been done with regard to the Side of a Cube, as a re- 
gular Body, may be done with refpeft to the Homologous Sides of an 
irregular Body ; and thus may you have the Magnitudes of (equipon- 
derant Bodies, made of different Metals, fuch as Brafs, Iron, &c. and 
all by the help of Models or Moulds, (to ufe the term in the Proplajiic 
Art) fuch as the Moulds of ^1 the Pyrotcchnical Bodies, which arc for 
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M<»^ver there ^ Ibn^ Weights that are u&d for weighing Gold, Pearl, 
OhrI, and other Thii^ of Value <mly ; and others far fron, Coj^per, 
Lactin, Lead, Timi, ^Jlom, Wur, Tallow, Hemp, Wot^ 

frelh or^t;Mea^ Butter, Clu^ and the 1 ^ Goods Fur- 

diermc^ dioie are parda^ 

a^d Surgtmu, woh whkh thegr uwigh and a^uft the Me^nes which 
ch^ prq>tfe tltf humane Bo^. It is in this Chapter then dml 
jnopc^ to eneertain ]fdu with fbe Difl^etKe of all itkt&Wei^ri be- 
glnnh^ wrh ^ thdi proceeding to durs^ and 

fifuiEhig th 64 of die Datp, sfi uddeh wd IhaH ani* 

merate and reduce to an Eipialit^ betwe^ themieivesi^ which dm^ we 
ihow of what thc^ CoK«|uatioii8 or jBqudities art ill Ppi^eck 

mes. 

As to the Weights of the Amnents^ And the particular Didference Be- 
tween them, die Writii^ of both Grifri and XaAV Authors will fiilfy 
m&m us : VS^e have here coQeftol fhme of them, of which we fhaS 
ipeakas we go aloog^ In ^ firil pla^ the wl^Wr generalhr divided 
&cir into two Ckd^ Hkt Greater and the £sM&ri of 

the was 

'I^ TALBNT, ^^dih% amciigft the was a kind of W^jj^ 

(vddmut any Mi^ it j <^ 3000 Shekels^ as may plainty be £ea 

in die zxxviiith Chap^ of k mmuooed a Sum of 

too vad of 1775 Sheielt, ^^hich was ctdlc^^ after 603,530 

Blea paidoach half a Shekel, Now. ^ Jf^ew ^aUkt ooiinu»d 
and 120 of ^1500 Onnrt^ xaooo^ 

or 125 Poua^ etch Ftaind^^ With xbs Tale^ 

diey w^hedOc^ 

jed in his third Volume, where he pow^Uy refutes ^fe who dh^ 
fipom him in C^iniem. But Audibrs di^ree as to the Weigla of the 
SbeJ^, Merfmnus^ in his Treati^ of Wei^s and Ceauf e£- 

furcs US, he found that % Shekel of Silver {which he would have to be 
equal in We^t wkh one of Goti) wt^heda68 Grainsy and from thence 
condudi^ ^at the Heir^ ^Aent 3000 Shekels was equal to 87 
Fofmidl (of t6 ^Oitoice^ and z I^sar^ or to 

804,000 Gr^‘«f. Fr<mi whenm we £bedutf:the Talent^ as calculated by 
VillalpanktSt exceeds that of k/krfatmay by 6 Pounds (of 16 Outues each) 
8 Camcp, 2 . Dram, a d^iii^ 

hretBs h^ xmi ^atzMxhe $beiul^ { the 

^tm^Di--dra^ai^ end trhidi 

^ble die o^pamon Qoo iMt fpo ii . you j^eaft ret^ PtUa^mtim 

upon dus h^ , whop he idii^tes indi great Energy agftinft Grtffiea^ 
and maintains that die SBM ym hut of one whilst was . of eqml 

Valiw mth the ekhemeaL Sttaer, and not of two, difti]^;till^ by the 
petBondy^^ Saer^ The jirachm wh^ was die 

Ibiisdi part in St, Luke, Clwp. v^ 8. was 

equal 
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equal to a Raman Denarius i of which in St. Mattb. Chap, xviii. ver. 22. 
or as the half, in St. Mattbevfy Chap. xvii. ver. 27. The Shekel was com- 
pofed of 20 Oboliy which the Hebrews called Geraby and the Chaldeans y 
Maha-y the Obolus according to the conunon Opinion of the Rabbins 
weiged 16 Grains of Barley} from whence (as they equal the Grains of 
an Ounc6y which we lhall ipeak of hereafter) we may make a Shekel or 
20 Oboli to contain 320 Grains, Thus 3000 Shekels will weigh 960,000 
Grainsy or 104 Pounds (of 16 Ounces czch) 2 OunceSy 6 DramSy and* one 
Denarius. But if you would know any thing farther, relating to the 
Weight of the Hebrew Shekely read Merfennus of MeafureSy Weights and 
CoinSy together with the Authors he quotes upon that Subjed:. 

By Authors we find it for a certainty that the Talent amongft the Ro- 
mans was of three forts. HheLeaft of the three weighed 84 Pounds 
Romani The Mean one was 120 Pounds, as Vitruvius fays in the laft 
Chapter of Book X 5 where he relates, that Heliopolis was fo firmly wal- 
led with Flints, and fo llrongly fortified with Hides, that it could bear 
the Shock of a Stone of 360 Pounds Weightj thrown from the Balifa, 
now this was the Weight of three Talents, each of which was 120 
Pounds. You will find the Third and Greateji Talent, in Suidas 
Hejychiusy who both alTert it to have been 125 Pounds, which is a Weight 
equal to an Hebrew Talent. 

The Grecian or Attic Talent was 6000 Drams, or 60 Attic Mince 
as Suidas relates from Fejius. According to Villalpandus it was equal to 
half of the Hebrew Talent', but according to Suidas Hefyehius, the 
half of the Roman Talent', that is 62^ Pounds Weight. The 

Value of the Attic Talent in Money was 600 Crowns ; which may give 
us an Idea of the famous and memorable Liberality of Alexander 
Great towards Men of Learning, when he prefented his MssHter Arijiotle 
with 800 Talents, as a Gratification for the Trouble he had been at, in 
deferibing to him the Nature of all Animals; which amounted (as fomc 
will have it) to 480,000 Crowns: And likewife when he fent AmbalTa- 
dors to the Philofopher Xenocrates, with a Prefent of 50 Talents, which 
a^wered to 30,000 Crowns. Befides the Talents I have already men- 
tioned there were leveral others ; as 

The Thracian Talent, which weighed 120 Pounds. The JEgyptian, 
which was 80 Pounds. The Alexandrian^ which was half of the Attic 
Talent (viz.) 3 1 Pounds, 3 Ounces. The Syrian, of 1500 Drams, one 
Pounds, 7 Ounces, and 4 Drams-, and that of Mgina, which weighed no 
more than 10 Drams. ° 

As to the Leffer Weights of the Ancients, you will find amongft the 
Hebrews 

The MINA or MANEGH, which was 30 Shekels or 120 Drams. 

Grecian Mna or Mna (jircc) was of two forts (viz) the Le/Ter of 
75 Drams, 



K 
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And the Greater (whldi ^gger than die new one of iSe&iiJ loo 
Jbram. The Dram was divided Into 6 OhUi dw OSaki inco 2 Stm- 
eklii the Semi'-Mus into y Chtdcii the Chakut mto 5 hefteu But ^ 
we^hingtd' Drags asad MaScmeSf the Fh]^cian$ and Surgeons divid^ 
the A£na into 16 Otaees y the Cmace into % Dram s the Dram am 3 
Scnt^ i the inoo 2 theOMx into 2 Setm-aMii tJbcSea^ 

Mus mto i f SiSpia, and dmSiUqsta Into 4 Grams or MomtatSi 

Tha jMkus Akxaadria veaa 20 Ounces ivoA in diort to conclude wide 
dm^Gna^dmPt^mm€ln&%OuncmGs&f, 

The POUND was ndiat the Rmam properly called a Weighty or As, 
or Afjis\ this was the Let^ c£ the Gwn^er Sort or daf^ and the 
&gg^ oi the Lefir, It was cosamoniy 12 Ounces, and this Roman 
Found vrus ^Drmas lighter than the Attic A£na, Tl» Pound was ori- 
gij^y diyim intti 12 Omees ; dim d» SeKtov was a Ounces ^ihe 

^f^adrans'^ Ounces', dm Trims j^ Omuesi die ^gmeunug OwicesidmSe^ 
nus 6 Ounces (which wasalfo caXhi imlf a Peund'J the was 7 

Osmeesi die 8 y the Dodrans 94 t^ Iksetam loj and t^ Deunx 

ys OusKes. The Ptnindwa&a^am divided intoodwr linaller Weigltts s 
a^ 24 Ousecesy %tlh^ 48 StaUcay yz Sextulai into 84 Df* 
narii, i 6 ^ F^matSy and zfiS Scriptula, 

Befides all thls» the Pound was a kind of Meafurt amcmgft the Rs>^ 
mans, whidi was divided into 12 Parts, which di^ caUed Unenr or In- 
eiesi this they calM theJ(£M|^n/or J^afitring Poiussiit to dldin^^ it 
firom d« PenierAm fPeigbss^ PosauL Now diis Mes^A Pomtd, (ac- 
cording toGeknm \m VthBook ^ the Camp^en of Medicaments) was 
a kind e£Ve^ made of Horn, w^ vddch the lSsiiMw ufedm 
OH ; and was dhrided by certain Lines drawn ^ler widiinfide or 
out into 12 Parts, which were ca^d I 7 a»er. GAen htrther informs us 
in the Vlth Book of the &me Treadle, diat the whde Menfund Pound 
was espial to but lo Ounces of the PmderA Pound, and con&quendy was 

We have now ipeken li^kicndy of the ancient Weighs $ kt us pro- 
ceed td CTamine the vadous Meij^s in prefent Ufe: aiiiongft whidi, 
whedier they be of the Greater or we flii^ find a vride 

rence. But as we have no Terms to «xpre& them by in om Lai^u^e, 
no inofB than wn had fiir thole cd* dm Aneimts oAkii are equally ^ 
re%n to us; we ifaaii cal! them by the diey bear in the Onm- 
tries whcie^ey are ulwf^and ptutietdariy ^ fiichTemts as are theoadt 
conunm among Merchants: And this we lhall do with all pc^ibleBfevity. 

DOLIUM i(which ahbis the Name a Vefld aiifweringto a Tumi) 

is a WdgU much ukd in Poland (where it is comme^y called Beesdus) 
and ay t!> Stones, v 1606 POomh: l lo^ofe them here to be of 

*nie MIGLIER, which we call the MUier, is a Venetian MeigStot 
40 Miriads (called in that Country Miri) each werghiog 25 Pounds* 

1 thus 
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thus the whole M 7 //Vr will weigh looo Pounds, allowing 12 Ounces to 
each Pound. 

The B AC CAR in the Kingdom of Calicut ^ is a certain 
that at Lisbon anfwers to 5 great ^intals^ and weighs in all 640 Pounds. 

C A L L A, is an uikxandrian IVeight of 960 Pounds. 

CARGO, or C A R I C O, Cargoe, or Ladings is ^Weight common- 
ly ufed in France, Spain, Italy^ and Portugal', this is properly theLo^?^, 
or Burthen of an Horfe, Afs, or Mule. In Spain it is 3 ^intals^ which 
are 360 Pounds, andfometimes 43 2 Pounds j at Venice Antwerp it is 
400 Pounds. At Lions and every other Place in France it is 27O Pounds, 
and Ibmetimes 300 Pounds. The Schiffpfundt of the Germans has fomc 
Affinity to this fort of Weight, as we fhall fhow in its proper Place. 

BIRKOWIEC, a Weigh xhz Mufetrvit^^^ and the Inhabi- 
tants oi White Ruffia, contains 10 other fmaller (which the Peo- 

ple of thofe Countries call Pud) each of which weighs 3 6 Pounds, fi-om 
whence it is that this Weight is 360 Pounds in all. 

The S C I B A of the Egyptians weighs 320 Pounds. 

The R I V O L A or Romula, a Weight ufed in the Country about 
Lamafciis, is 225 Pounds. 

STAR, amongft Venetians, weighs 3 60 Pounds, andfometimes 
220, 180, 130, or 120, and fometimes but no Pounds. This Diffe- 
rence arifes from the feveral forts of Goods they weigh with it ; which 
I fhall not here dwell upon. 

The WAGE, a Weight amongft the Belgians, weighs at Antwerp 
165 Pounds; at Bruges m Flanders 30 Stones, or 180 Pounds; fometimes 
at the fame Place it is but 20 Stones or 120 Pounds ; with this they weigh 
Butter and Cheefe. 

QUINTAL, QUINTALO and QUINTALIS; a Weight a- 
mongft the Spaniards and Portugueze. In the City of Leon it weighs 100 
Pounds. At Seville the great ^infal is 144 Pounds, and contains ^ Robes, 
or Arrobas of 42 Pounds each : the little ^intal is only 28 Pounds. 
There alfo they have another fort of ^intal which is 120 Pounds, or 
4 Robes of 30 Pounds each. The Portugueze ^intal is 128 Pounds, and 
contains in like manner 4 Robes, of 32 Pounds each. This is their 
Greateji ^ntah. the Lejfer is but 112 Pounds; which alfo contains 
4 Robes, weighing only 28 Pounds each. In the fame Country the 
^intal of Wax Weighs i \ of tlneLejjer ^mntal, and is therefore 168 
Pounds. In the Kingdom of Fez, the Sluintal is 66 Pounds of Ant- 
werp, and in Morocco and Guinea 129 Pounds. 

CAN TAR and CENTNER is what was anciently called the 
CENTENARIUS or Hundred, which weighed 100 Pounds: from 
whence it was that in Nonius the Soldiers cried out: fit? Balifias 

joBas CentenariaS', if it be only that thofe powerfol Machines threw out 
Stones of 100 Pounds? But now this Weight is varied prodigioufly, and 
fuited to the Convenience of a vaft many Nations that make ufe of it. In 

France 
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Franci (fotf Example) ia the City of Faris^ it is divided into 4 ^ifortront, 
or ^arterSi of 25 Pounds each. At Ums, Thulouje, Aosgrum^ and Mmt*- 
pelUA it w^hs X 12 Pounds. hk Spe^ it is \FtAas^ each Ftaha 30 Pounds, 
whidi added togedier mdee 120 Pdund^ and anfwcr to the Weight of 
a ^intal In Fvg^ Cidahri^ and as alfo at C^atOtnopley 

Akxandriai die Iflands of and it ia' 100 

Rotbiesi iniS<^ 6i £aodb of 30 Ounces each, make 2 Btmdnd at 
Ceatenary, At Bma^ it contains $ Zurb^ or $ of zo Rsiuks 
ya^h. In Rarkmj^ it is 5 RiAei^ and every Rake 20 Rett^S } at Oran k 
h 4 Roi^s* Iti England it b iix Pounds At Noremkerg and moft of 
the chief Towm in Germat^ it k 100 Pounds 120 Pounds, and 

ibrnetimes 132 Pounds. voA VratiJUKm it w^hs g S^nes of 

24 Pounds each, which b 120 Pooi^ $ die £une it wei^ at Hamkargb 
and Dantzici. At Ktmngsketgb k b 138 Ptmnb. AtXac^ 
in Pmereuua it b X2 1 Poumb. At Craem in Poland k b 138 Pounds. 
At Warfim it weighs 5 Bfmet of 32 Pounds each (as I have already iiud) 
which make 160 Pounds 1 in purfuance to dw Orders efta^liibed in diat 
Kingdom in the Year 1565. At Laop^ m Raffia^ it b 5 Stones oi 
3oP(ninds each. 

The ROBE at Arroba^ ka Sj^nijb and Italian Weigl^ of 36, .32, 
30, and 28 Pouad% as 1 have alroufy bid. 

The S T ON ]^o(»uiionty called iS/ebm the and 

mof^t b mudi ubd the Grrsmar, 

other Na^ns d»t ii&dik ihe Bonilers ^ the and the 

BaUkk Sea \ oaks Pokmdi Idthama, &c. It b likevdb ufed in Itafy^ 
(vizd at Rmty J^ence, Bologna ; as well as Hamkurgb, Lnkeoky a^ 
Stetin ; in all which Places it weighs 10 Pounds: At all di^l^ues diey 
hare likewib one id anodiet for^ which b douNe thcBrft, and con^ 
bquendy wdghs 20 Poun^ At Vratsfiaw ks SUefiOy it b 24 Poonde; 
at Cracow 25 Pounds 1 at ai^ 32 Pounds, in purfiiance 

to die Chders ^ed out by S^Jmuntka As^fius in the Year 1565 ; at 
heopok it b 30 Pom^f at Dantzick Pcoo b of twoktnds, the 

whi^ b 34 Pounds^ i^th which thi^ we^ Flax arkl Wax 5 
and ^ Uefi b 24Pouhd8, vwth which th^ w^h Dn^s, Spke% 
and att Aromadch thii^ At Komng^ergb it b ahb of two f^^ die 
biggof we^^iing 40 pounds, and the b^^ 23 Pounds, At Vikta 
in Idtlmania% at R^gOy andai prur/ ialdvomoy it b 40 Pounds; andac 
?%arv 24 Pounds ohIy^^; 

NAGEL b oWeigbt ml^kmd, which b partkadarly ufed for 
wd^ih^ Wod tat in Fbntdn^s k b ^Pounds. F^fthennore 45 

N^els con^tute a eextain We%k which dwy call Ws^Cy ^ 2 make 

a 180^ and 3 a SAtkr at SerpeUer^ '^ ks England dsn 

A%e/ webths 7 Po|uld8 ^ 3 and 4 make a Sa^ o£ Wool, 

vdii^ b52 die T OD b^^^ ^sEngUfi Wdgbty and :b 4 
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The ROTULA or SCUTARIA is Weight \\\ Italy ^ and iii 
feveral Parts of the Eajl^ as in Arabia^ Syrian Greece, Rhodes, and Cy^ 
prusi It is divided into 12 Ounces, Sacros, or S'acbofes-, into 24 Sexatios 
or Siclos', into 48 Denarii, 7 of which make zn Ounces into 96 Dar- 
quins, or Drams -, into 288 Scruples-, into 576 Orlojfats, or Oboli-, into 
864 Danigs-, 1728 Kirats, or Carats, or Siliqua, and into 6912 Kejiufs, 
which fignify Grains. According to Nicholas Tartaglia, in his Twelfth 
Qi^ftion, the Rotule or Rotula at Venice, weighs 2 Pound, or 33 
Ounces and t, and 3 Rotules make 100 Ounces. In Sicily the Rotule is 
30 Ounces-, ziAlcairo it is 6 Pounds at Aleppo 60 Ounces j at the fame 
Place the is divided into % Metallicks or Metecalles (this is the 

‘turkip term for Drams) and one Rotule is 480 Metallicks, each of which 
weigh I i Pejb, and 10 Pefo make an Ot^ue, or Ongy-^ in fine, 50 Me-- 
iallicks make a I'urkip Mark -, but 32 of them would conftitute ours. 

The MINA, M A N E G, or M N A, in Egypt, weighs 1 6 Ounces j 
in Syria Judea 18 Ounces-, but in fome other Places it is found 
that the Ancient Grecian Mina weighed 100 Drams. 

The POUND, which in Germany is called the Pfundt, in the JLwy- 
Countries, Pond, and by the Poles, Funt-, is in great requeft- all over 
Europe, and well known to moil Nations of the World. But as it is 
Very varioufly divided by different Nations, and is obferved to be very 
much altered as to Weight, and the Number of fmaller Weights it is 
divided and fubdivided into, I fhall enlarge a little more than ordinary 
upon this Subjed:, and infert here its Differences and unequal Divifions, 
as pradlifed in the feveral Provinces and Cities of Europe. For this once 
I fhall follow the Order of Mafius Merfennus^ who was a very nice Man 
in his Obfervations. I have taken Part of what follows from a Treatife 
of his, of Meafures, Weights and Coins. He begins then with the French 
Pound, with which he compares, and to which he reduces the Weight 
of the Pound in feveral Other Countries. Firft he divides the French 
Pound into 16 Ounces, the Ounce into ^ Drams, the Dram into 3 Scru- 
ples, or Deniers-, fo that the whole Pound contains 384 Scruples or De- 
niers in all ; the Scruple is divided into 24 Grains, by means of which 
Divilion the Ounce will contain 576 Grains, and confequently the whole 
Pound is 9216 Grains. As to die Grain, though it is a very fmall and 
inconfiderable Part of the Pound, yet he fays the Goldfmiths in France 
ufually fubdivide it into 512 Particles. He then allures, that he tried 
and found ht o£ a. Grain weighed at leaft as much as 40 Particles or 
Grains of Sand, from whence it follows, that a Particle of Sand weighs 
of the Grain of an Ounce. 

Havmg thus afcertakied the French Pound-, he teaches a Method by 
which Coiners may make their Grains as nice as poflible, viz. 1 ‘hey 
muji jirfi divide the Pound into 16 equal Parts, or Ounces j then fubdivide 
each Jixteenth Part, or Ounce, again into 24 equal Parts, which will be 
Deniers, and then eaeb Denier into 24 other equal Parts, which will be 

L Gram 
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Crains. ^ XHvifim may ha ime <u^ a Uttk Plate of Cep* 

per or Silver^ *oery tldn and that it may he convement^ di^* 

ed into 24 Particlet or Uttk Plates i hut Care nmft be tedaen that the 
Plate is equal and unifihu throughout all its Dmenjums, Some (&y« 
lit) think it may he done with more ExaBmfi mtb Brafi or Iron fPyrei 
as heif^ more evai and regtdar ikon Plates of Cep^ or Sihxti hut (to 
fay my ^hou^s teneemh^ tUs Method) tf they fek after an extream 
polity, by Pieces tf tPyre, they tah a vfrong Method to find it \ and 
thereajwisy hecauft the fi^ End tf the Wyre that peffed tbrot^b ^ 
Mok or Mt^dy seidemd it in feme Dt^ree or other, a^ thus that ndndt 
came thros^b after it vdU he hi^er, and cenfiiqueatly beawer than 
Hse firfi,' ‘Dns Tneptalky hat been fiffdnsthf exemmed, by the Gold 
Weights, and diftomered by the mofi exs 0 Scalny and it it imp^hle to 
remedy it, ubefher yw file the Wyre or cut off any Part of it, ft that 
you noill never tins find out that perfeS Geomeiricti Equity 
•which you ftuf^tfur. 

Having done with the Fremdfyht proceeds to dMRman Pwnd,vrhkh 
defers "veiy little in its Divi^n 4&t»n the fiiit For it is divickd into 12 
Ounoni ^ Ounce into B i>vnm, dioi imo 24 Deniers, or into 612 
Gram. Now the &foent Weight the French and Roman Pouudy 
tqtpears fionl llie Eiqpeiiiiii^ ^ hibs^ ibr he^iya that the 

Difl^«ioe betwe^ the Reman wA French Cunee, 1540 French Grainsy 
oaA deetdhaRomem Drum a by Frmcb Graim, ntiA coniequendjr that 
the Frendt ^am ta 5 Oraim hmkf than die Ramani and that die 
Reman Pbund k t^jA tn 1 t i Dram, and i Denier : Now if you 

Induce Aim mxnGtainSy yen m find that die Cr4mr of the Rsman 
Pomd will be equal to ^432 Gredm vd Poimd, and conie- 

^leady diat the French Pmmd will be to thcRoman Pound ns 9216, is 
(06432. 

hi die din’d Fhce hegiws 11s the EngUft Pound, whkh is what the 
Gedihiaiths pardcuiady aialce ide of ca we%fa Gold and Sihttf, and 
wittdk Aitsf vomtaemAy This Peur^ is divided into 12 

Oteecesy es^of whl^ k heavier d^ die French Ounce, ^10 French 
Grmrn* Thos;die Ppopicadoo od the Fronds xn the Bs^Jb Pound is as 
92 ^6 to 7032. Thehifir^ania of this hUnd have ani^h^r fore of 
Pound, which di^dde i«o 16 Ouuca, and which diqr cal l Akwr* 
dupoisi the Ound M Ptmd a 4 si^^ F^ l%h^ than die 

ff-enchOusKe, smd cetdeqaem^ eqml to a RemanOunce: Thus dus 
whole Pound is eqnivaleiit to 14 Ouarnr, f Drams, and t 8 Gratns of 
Fr»ir6 Weight. From this we infer that die French Pound h to the 
Rugfifli Pound of ^mriupm SPeigk os 9216 Is «o B5B6. Now as it 
happens that the Chiape of ^roy Wai^, whadi heing 10 Grwhif heavier 
tho^ die Fremh iSoneB&ks S40 Grminti it is flaht that the Ri^^Grains 
ate j and hidf holler than the Fhend^ Grmm, And thus as dtefe Grains 
arc of the fiune We%ht in cme and tlieodier Eig^^Osn^ eon&^ienc- 
4 ly 
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\j tiit Pound Aocirdt^m oS Ounces, will be equal to 14 Ounces $sei 

MnhaS^tref Weight, 

From l^^knd heroes on to cbe Ijnn Countries or HaHs^ tdiere bd 
aSires us be bad ofim made the Experimeat, and fi>und» thattbeX^ 
Cmntry Hatf OMRrr/ balfa French ^ain more than die Frmeh 
die. Thas ^ Z>t(tch th Oumes wiki vr^h gz^z Frettch 

GtwnSi and eOn&qi»atfy die Pn}pdtf(m between the French and the 
DtOeb Pmmi m^ & as 92 x6 is to 9232. In the Low Gotattries lijej di*> 
^ Ows^ into 20 jBs^cs, (vdiidi the Dutch call Engcl^hen) and 
ihe jhegUc vs %hdirtded Graim. Tbais the Dutch Ounce w 3 l 

veea^h^ Dut^ ^asm, irndhromiheiMx it unH ^dlowthat the Dutch 
GraiW are about lighter than the 
As ixe^^ know an)r thing of that 

hf Us own iSxfxaden^ onlf £tys» iStm he has heaid that it is equal 

to %£ Ounc^ and24^G^«r (d’Frm^AFj^^ But I find by ViUol^n* 
dus, that ihe Poui^ is of three Sorts among the Spaniards {vhs.J the 
gser of ^z Omcetf the^liSi^ of id 1 and 1^ (which tb^ call jtr- 



Z ifaaBh^ die l^vMoos and Subdivi&xis of the Pound, in le- 

md oder p^tk^l^f^oidncm Cme^ from my mvn Experienoe, on 
frcHA ^ I haue had^^ 

£a Pehutd ii g a Xoelr or Half Owwa ; each Zaeft 

wteh In ^ of the Country a» 

c^^ Sheyeiec i ^ e refr g o the whole Pound Weighs 4S ^SfrrkVa. Tl^ 
ileafsfr FoM^Irlhl&e auamer and d» 2j0ri& in- 

w^h \ die ^s^er into 4 Sucres 

«r Pandetaf f^hmmsd^. Cosfrquently ^ Datttmc Pmnd is compoled 
ci $i2 l<low dnee ^ Idqqiemthat'ga of thefr Nommsdos 

makeran ^mte of a Pound, fr a^ta^ily follow, diat 4 2^an»wfrr 
sdH make a and Ais a tS Grains s from 

Whmoi k wiB frillow;^^^ die whok Posmd wSi be oompofed of 9216 

wdnch ^ eqi^ in Number to the G>vz£arthat conflitute the 
French PoaUd^ on We^have b(^i^e ohfrryed from Mer/enmts. Now In or- 
der m fa^wr what Z ^ ro pb riadir u Gram of d^ Dantuic Pound, may bear 
AT the Gram a Frnn^ Pound i pk^ to cake notice of what Ibllows. 

Pt^GnppthsSi doe of ^ medt frmous Uhdieimaicians hi Dantuic, af> 
fram us^ a htde Tirnttfr of he wrote in Germany %) 

he had o^a enqitf ieik%d the haif Pous^ of Cracow (which the 

Potn^tdSh&niywna, and idXtfh^and iz 

Nommt^ o/f Dhntuici that ^ diac ^ hdf Pound of Cracow is in 
Htmmnfrs heaimr ^sm Dsouzic of 16 Lotto, From 

whence we nu^oODehide, JQntsm^ Poiasd in aodiat of Cracow, 

as^x6 h io^4S. Bsr uu^BiKh as it is the anofr coemm Opintoo, 
aaongfrG^dfrbkhs^ as wefi as die SMft secekmd ^ ge> 

neetll^^die the Gm Pmnd on^ to weigh 7 

Ja^- 
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Imperial Dollars^ or Silver CrmonSt and inafmuch as the aforementionei 
Peter Crugerus fays he himielf trycd and found that 7 Dutch DcUoTi 
Weighed 16 iMbiy and 12 or 13 Demtzic Nommules^ and that upon a 
feeond Tiyal, he found that 7 nov Saxon Dollars weighed if Leah 
and cme or two Nommules of DafUsua it wiii follow that 7 Dt^lars 
want but little of ^ing equal to foe Crocovian half Pounds which a> 
gre^ Teiy wdll wkh the conuhon Opinfon with regard to this matter; 
ufoidh on foe cfoer hand agrees mfo foe Obfervadons of Cn^eras, who 
having taken upon him to ezaniii» the Weight of foe Crocovian and 
Dantzie half Pmsd, we Until particularly ftick to what he foys; that wO 
may avoM foe Cosifofion and TrcM^> which a Diverhty of Obforvafo- 
ons might introduce into our Difooiirfo. 

But iince Me^»»in in hisTreadfo of See. makes the Impe- 

rial Dollar mdfoat oLBurpm^ or Flanks (which the French call 
iagonsi and which are very well known all ova: foe Low Cotmtries) cb 
wc^ 22 i>r«erf, ew 528 French Grains^ it will follow, that foe Cra^ 
covian Pou^t Weighing 14 of foe like will be equal to 7392 

French Grains ; and foe Ptnmd of Dantzie to 7061 of the like Grains. 
T)xt Warfiman Potmih nsx Owsce, l^hter than the Dantzie Paund, as 1 
myfolf lutve experun^nted, it weeing but 8640 Dantzie Grains', tl^e> 
fore the H'drpmtm bears foch Proportion to foe Crocovian Pound, as 
864QfoKS to 9648 ; tlutt is, it is l^ter by 1008 Grains, which are e- 
^pial to one OwKV, ^ Drams, 2 JDeniers, and 21 Grains, But itweigha 
6619 French Grtum^ The Pound o£ Komfitgsherg bears fuch Prapor- 
tkiito that of Dantzie as 8 12 if doM to 92 16, as appears by Peter Cnt~ 
gents, who found that 160 Pmnds of Komngsherg, were equal to 141 
Pmmdsvf Dantzie^ Thz Pound of Vilna is equal to 29 and rf Lmbs of 
DofUzic, and weighs 8378 tf of Dantzie Grtnns. The Pound of No- 
rendberg is equal to xi^iz Dantsdc Grains', therefore it exceeds the 
DatOtidc Ptntnd hj 22g^ Dantzie Grains ^kh are equal to jLtabs, 
3 J}rams, 2 Demers and 5 Grtuns. That of Cokgne weighs 39 Leah 
and 3 Nmmules, or 1 12S6 Dantzie Grains', tho^ore it exce^ 
Dantssk Pmtnd hf 2070 Grains, or 7 Dabs, 2 Demers, and 6 Grains of 
DantzkHV^> In pmfiuuice of an Imperial Mandate, the half Poor/ 
of Cokgne aaght to und^ 8 Imperial DoSars, which Crt^erus foys he 
found to be foe W^ht of it; foe whole Pwnd therefore muft -weigh 
x6 DoUars, and coafoqi^tfy it wm bear fuch Proportion to the Crtuo- 
•man Pound, as B does to 7; oc that it mufobe l or 2 Ounces heavier than 
foat of Cfveow. Cnsgwto moreover ol^rved that the Dstteb hd^ Pound 
(vfoich 18 called Trey-gemch, and Frofjche March by the Germans) 
mwsj^ to Loth oxA 10 Nommsdes, or Dantzie ^ainsi therefore 
foe whole Dsaeb Peusod is e^ial to 1 1880 foe ham Graim, and ex- 
ceeds ftscr Dasmuic Pouhl by 2664 Grains, or 9 Loth and one Learns 
whoeas k exceeds the but by 2232 DantziF Grains, or 7 

Loth, 2 Dram^ niA % Nonmults, From whence we may conclude, 

foat 
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that the this Dutch Troy Pounds as commodly divided into ao 

A^Ucs, or into 640 Qreum (which fome ix»ah by the Word Afenf con- 
tains 742 I Dantzie Chrains; wbd cc»iii^uehdy that ihc Dautssic 
Graim are lighter than thofis of Upland; The fame Dutch Ounce ^ (ac- 
o>rding vctWiUehrordus SneUiuSy in his Erai^henes Botanic. Lib. II. Cap. 
V.) we^^ 9 G<^den Rofe-Croimnsy commonly c^tdiRofcn-NobH or Rofe~ 
Nohlesy which Crugerus having tried, found that 4 of diofe Nohles or 
Crowns^ 2 lathsy 9 Nomnaties and | of DantndCyOr j^z i Grains. 

The fan^ Author in the &me {dace will have it, that t^ Omce is equal 
to ^ Roman Ounce, ^ain, \£ ^ s^Battroian Pomd 

with diat of we fliall find that it vwlghs near 9104 French 

Grains. Frcnn whence it is oddent, that the above Oblervations of 
MerfemuSy coatxrsus^ die Dutch ta Batavian Ptnmdy diffin* from thia 
laft ; inafinuch us Merfennus has made the Dutch Pound to weigh 9232 
whilfi allows it to be equal to no mc»‘e th^ 

9104 of the fiune fi> that diere is a DifE^ence of taS Grains 

betw^n ttoou The Pot^of EUdng is ex2^y equal to that of Dant- 
zic. But let us nm^ {uoceed to the Divifions and Subdivifions the 
Prnniy os ^ey am varkwfly pradlifed in &Wird ocher Provinces and Ci- 
ties As fiir Example j ut Ranky Pkrence^ and tl^ have a 

omxadsi Pomd c£ 30 wii^ which t^ commonly weigh Wax 

ai»i WOoh At Mthmy Pa^, usdi Orinuma^ Pound with which 
they wugh h AxVemce dtuo Pound is dividal into 

12 Seuftdesi iyio SiMcSy and 6912 Grains. At Vienna In 

^ PidindiadxoiM 128 512 DemerSy 

and 12800^ MAutvmf die Pomtdh oi it (haues. At Bruges 

in Pldnders of 14 Ounces $ but at the fame Place th^ have anodieir fort 
^ Puiutdi which is divided into tfi Ounces > therefore the 100 Bounds 
of t6 ChM»f Oach> areeqoid m i<^ Poti^ ^ 14^0^ mch : At the 
fiulie Plam diey Ahdivide^^^^ 2 L^hSy the Loth into 4 Ssyh- 

mtSy d^ Sife^ mto i D^ In the Kinghmt ti FeZy the 

Pwnd is Ounces: 

lo iS&oTt^dat MeScinal Pound, which is properly the Old Roman Pound, 
» divide iiim%2 Oeerer, into 24 Ostler, into 69 I>ewx, into 
Scritf^i to^ mto tyoA SHiedy undi into gytoGrmns. 

I BiaU hois \sf Phyficiam, Apothecaries 

and ^urgtknsy affl die 'Ferfr i£ 2 Pound .* for Example j die 

h ihwihi skL Ounce 5 J ; two Oirwrr f g, and fo on till 

yoti^ctmie to fadf a PourA, uduch is thus exprel&d ibfs; a Dram 3 j j two 
Dkms 3 5 i iOd ib on to Eig^. The Strt^ thus 9 ; and the Grain 
dms gh Heafo to Ob&rve dutt we Ilufi imke ufe of thdfe Ch ara ifle r s fi>r 
the fi^re, to avoid the tro fie^ent R^iedtkin^^^^ the Words; 

"l^rc iue 9 Vcfl^ Metal, made IBk anfiver to the 

Wi%ht Of one Pomd. ThO fiifi: vddttffl die reft in i Avcighs one Pound, 
oe tt Oimesy tsu^%y The Second wih ocmcained 

M in 
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in k wei^ 8 Omuis w half a Poiotdt and by it fclf 4 Ounces. The 
third with thoie c(»^atned in it 4 Ounces^ and by k^lf 2 Ounces. 
The Fourdi \wth a an^ i Ounce. The Fifth 

. I Otmctf and by kfidf 4 Dfdnis* The Sbtth &c. 4 Drains^ and 
by IdHf 2 I>rums. The Stench 2 DramSt and ty idelf 1 
The Eighth &c, i J^am, nkd by kfelT r $ S&t^. And die laft 
1 Y Scru^ m Graim. 

Ob&rte hcae ^«: we have &»i, \& the fonn^ Fart 6 f this Chapter, 
that ^ HUfrew *Sdeie4 accoi^ tss Merfmnusy weighed 268 French 
Grmm v 1^ dace M^fismusy in lib. GC, of bis Trecffife c£ Mes^eSy 
WetgUs^^smd Ccimy wUl al^elueely have it, diat tdet Jm^erieU Zhi&r an* 
heexn leaAf to z Shekeb^T!^^ 2 Sbekds are e^oal to 536 French 
Grains f it sniA &M&W 28 Sbekeh sst e^id te 14 Imperu^ IMlars^ 
each TkUar rnt^mg which bei^ cesnpared with 

the Cr4m^ it witt in^lh^^^^ found to French 

Grains. Again, the Ijah-Qmntfy Fcimd (wlmfe Prpp<»rdon to the Gv^ 
evniem Potadym ikve already confideredX wUl be finind to weigh 9104 
of di« hum as it don i»c d^^ very much 

fixaik the CSa£Br 9 ssdom as to the Profiortmn that this 

Peand bears tod^ of fe^h^ me to be the mok reafonable; 

and ths^bre Idioc^ by this Proportion 1 ibr I am of Opimos^ 

dm Mee^snm has ;^|^ied a We^u us the Im^ai DcMar mhkh 
wouM have t^yeedh^ter withdie Anum^ Paf^m ; this latter being 
In lomedegim diSi^eist &cim die to Puri^ of Stl- 

being Cflinaaonly li^ fits I &all leave 
dds to the De^i^ of \chnfe M p«&^y skilled in vdsac relates 

m Money^suid Cdm 

The M AR Kt^ Mooi^, which the Latins edikd Marcha euad UhrOy 
Nusnssmlaria, oi Nsmmariai and which we ihall call wkh them the 
Nsanmiden^ Mari sx Posmdy is much u&d by Moopg/ers, Gold&uthai 
a^ all tho&vW^ are c^mcernoi in the Ma i n i &^ ure of and Silvers 

In PelcB^ that of Cracow is 8 Ounces, or 26 Loth, which are equal to 
17 Ltthsr 7, MonmuUSy t^ « o£ Ds^zic. That of Dantzk we^hs 
^ ih Lo^cx Z 0 Nmsmdes, m 1024 ^yarters. The proportioa 
dus to hd£ Pounded DasUsue vs as 4054 is 

to4^> dtt^la^ otcfcds the former by 554 Grains, 

wh^ are^fB^y i Ldhi i^ NomnndeSy^^^e^ Grains. The 
sue h parmidarj^ uAd in we^^dn^ SUv^, and k divided, mto 
24 each of wh^ k but that 

with wluch diey we%h Gold. Pearl, and dl forts of Jewdt> k divided 
into ^ Gpvtfr,eachof vdiicb wei^ laGr^^or 
of BIhing, k t^ 4 me with that of That w 

fi Ounces,^ or ifxy Jb^cs, tar: Graimi there lilEewi& the jh^iic 

k Atldwiy^ ui^ 4 Cfratf Cara/r confUtute a Mari 

W ^ ml^sh Merit fxe i^^uipondetiuit with 105 cmnmo» 

Pounds 
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Pounds of tbn Usm FUce. Th^ Z>tach M 8 Ounces^ the Ounc^ 
24 Nomnuks, assA iJ^ Nomtmtle 24 Grains, The Roman Mark is 8 
CnmuSt ^ Drams, ^^liram i Scrupks^ xht Scruple lOboli, 

the OMus %^ aad the 4 Grasrn, The French Mark^ 

vn;M k 8 Ounces y but we have already ^ enough of 

its Subdtvi^ns. Tj^ Venetian Mark is likewi£b divided into 8 
intO - 32 ^ Carats, <nr SilicSi and into 4608 

Graitm T^ or Money Pound oS Florence is divided into 

24 half ^ J^hSt ^1^ 288 NoomuleSf and into 6912 Grains, 

The Omas, or 192 Nommules, or 4608 

Grains* At i^j^SQe j^hioe divided into 12 Ounces^ 

288 Nommd^i and 69 12 The Mow^ Pound of Naples is 12 

CSumes^ os Q^^es* In Portt^al it is 8 Ounces or 64 OBaves^ or 
288 Grsun^, Jn M it is 8 Ounces, cn 193 Nommules^ 

or 4608 GrWiu; And toxoiKhide, that of Nures^urg is 16 Loth, or 
64 ^gsu^ers^ xrt 956 Pfin^ or Nommules, or 1024 Sixteenths. 

.We have 1 d^nnh Add est^h of the different Properties and Pro- 
fomsmn o£ H^^ys, as. Amie^ on Modern % and I believe that no 
|»|^ vW>ll» ::fl^ tl^ or Doi^ eon- 

oemi^ C^i^anons a^ Ratios m one another. I would only 
ohArve to that J|f dehrons of bung to up- 
on dtta H^M^ ^you re»nn^ Fkmntijb pub^ 

h&*d by laa Aaio&yhiQt^ ^ Year 1647, en> 

dtjed ifefiur ^ Landen, to 

tom v^smo^Tbto ei^ms which ate in- 
to^ hi thi« ak ^Mpgks in 

dm ^ Anc^ Roms0 Standard^ 

end m -^ aomhayil^^ v^ the utmoA^ Cto.calosUted uTaiU 
m 2 otosto #mrn» itoi UA of whkh I todl to^;toh>wmg 

PropnAmm.' ~ 

Xei them he jpvea (f»r l^Ean^e) a piece o£ jQniiance msAc in Italjf, 
to. caixtoHklbtt crBuHec of to 1512a»^ i to know how nsuiy 
PatmiiM Jbftif^km k would weigh v you may proceed in the&l- 
lowii^ manner, “(was^ »: |oo lb Roman, . arc to 76 15 oi Am^ 
m to is 60 lb Rman, which k the Wc%hc 

o| jdm <^ven. J8tdlc^ to the k yss jb^erdam vdtoh 

w*a . ^Thk^ hemg ,,|tob|m^ the ctmimen w^ 

wiU have . which wiB the Wei^t 

tokt . Thk,v^ hold good in all d« 

top^hk ibr jmi c/p m» you fidlow the Rnfcs we have kid 

I ihaU-hm, tsf ^myjA CoroBofy, Atom tom toxia^ taken from 
Me^ew^aBsxkMJl^^m to «» prevent our hmg no more per* 
pkto by to Xkfr^ Impdffr^on cd* 

than hy to gmec X^fmim^to^^ tot on 

to 
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the contrary, when we meet with any thing of this kind that cannot 
pofiibly be re€tifi^ by our utmoft Inujuflry and AppHcati<^, it may be 
given ovet ^d rejected, in am^dnatkMi of that great Degree of Inep- 
titude, that inieparably acemnpank^ akn<Pf every humat) ^^ion* 
Having edr^tdfy fiugbt afitr tbi Caufi of all tb^ Hifferences and 
Defe^Sy •which cotdd no vaays be attributed to the Ualdnce^ turf to the va- 
rious ^ferurur of the no nutre than to the hreatUr^ of tbofi vfbo lifted 
up or held the Balancti which nu^feem to ksve a iroiilejome Effe&y and 
to difiurh /^Equilibrium ; I id length fa^ out, that aU ibis Dherftp 
proceeded firm the Standard Weighty which are kept in form {hdls and 
ytdiivs, for the Examination of pAer We^ts; inafinucb as tbefi three 
Models or Scandpd We^ts^ of which the In^efi is 64 Nhtrks^^ ^ mean 
32, and the leaft 16, or 3^, i6, dnd 9 Pound, Jo not fi exaSfy corre- 
jpond with each othir^ but that there is a H^eretKe between them of feve- 
veral Grains j l^ which means the Ounce ^ one is rut exa&^ tbe Oaacc 
if the oHnri But tlmt we may not rajhly dccuje /Ar Warden^ who have 
the keeping gf /A^ Weights^ rur tbe'Wcskamsi. wbo nutie themj of either 
NegKger«e of &fl>m^: t mfl here fayi that it is a very bard Matter^ 
or that in kt them have been rnade 

inwbat Mathterf mrif v^nd Matefim Jbover, nay if their Ceofftence bad 
been as duraite as Adamakti to pf^r^ their or^hud l^SBe in i/r utmoft 
Extent, or tlnd race Pro^tim vntb whkh they toere at firfi enduedr 
Let there be (fir Wc%ht» of one Pound ecub^ 

adjufled to each mher with odl the hi^e^ that^i^ of Man is car 

pable of yet this hh^E^^ty cammt dfieoyt,(nor indeed for onyeeifderaHc 
(imej remdn in that erdrhmt Pkjfi^tf fie^^ may imagine i 

and the reafin f it is, btcmtfi, as are from tinoe to time 

bandied, in the daily Enammedibn of Mbef Vitt^ts, they wear out or 
wafie a HtHe ^ that Meami fi t^ tbe ^more tb^ are b^kd or mooed 
a^t, the lighter they will become : frm whence it happened that the fa- 
mous Eheenmner of Sem^Iatdu^ Mfrvoered bis h&rk, or half 

Pound, ^ 3 Gral^ its Weight in 2 Tears Hmi wHcb corfe- 

quently wouH have dhhnm^ 306 Gradts m 200 Teart, and in fiort 

anentireOvussxorS'fi>^mdsmintbeSped^ 

But you may fry, in anjwer to thisr, that thefi t^ Standard Weights 
fimtld be e^fisdfy handli^, as often as there is oecafion to make ufi of tbem, 
to the e/id thin Hu one mi^ be Proportion with the 0- 

tber% bod to Hns 1 refry imisHon the IHffindty f as 

that both frail be ayfitafei with an eqwd Motion, and handled fi nicely a- 
hke, that a Perfin mghi fay be had equally leferUd tbmy who is he that 
can boaft of knowing frrfefffy how much Hsfirfi handling wore tbm, bow 
natch it wore them ina fe^ or ihiked in an .^ef Lef us t herefo r e con- 
edtude, that We dm be Jure of nHUng uj^ HntHeddf namre than in fe- 
vered mher Capn nherewUb w m vahh ffiffrex ourfihoes. Let us Be well 
Jatifed, if tlure Jhotild lu a Qnbss. or two if Inference between two 
4 Weights i 
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We^htt; that it €4mmt well be faidto be injvntOts 

Mer te tbf Peel er tUStiOi j fir to wefiekefier 

tf^Geometrkii^Perfedimi u^bjs ee^ inwafiOibk vatb all Hta^ 

Mkf ^edfi^ imtn^eta with the Wetdm^ 



Of^ INSTRUMENTS 

W E f^fiially eUfwnc all manfio^ e^We^bti, wilt two forts of i«- 
fil ‘UM/eHft^' vh^ £btBabmeei <s Seak^MiAfiiK^ wl^ck 

fotae eall the Statera Bmana* ^0 ihere ^ ^th k t^iOoft,ooii^ 
cxfe Mac^ we arei^^ the Ot%ia of the <» 3 e ai»i ^ other e^ 
th^s dielr Frofertieii dsar Ul^ pertkolar Forms and F%ur^ 

and fv^ioj^dbe i^iM^of 



(y ySr B A L A N C E. 

-■ ^ ■' ■;' ''A' ’- '■ - - ./■-■ ■" ■ 

wiilvhave' it that the BMla^eet ond Sfeel-^arJ derive dteir C^t- 
0n front thefc two ^encial 

cbamch B^iutf W^bts^ efiu^ at e^aai Dtjiances, 

^ ^ Ahdi^is tidai^, iSat 

^ i^te^iUi^lW^t/Ket^hutibatthef^^^ 

£^sne«r, fteK^£Uot- X^fitmets ari m a rfijpr^^ INt^afimie 




m.W^» lameai^tammtf ^iim orr^ jem Btkeiy in 
€^iebm, fi:d& Xi^eM 6 &dl^ I#cdi«Bi^ enlarged 

iftcry mn^ n^n diis iS^i^^ As Xde n^, thot%h "I know 
lltfaatt’ htn tieated of by i g^t many, I 5^ 

ildnfc ihfy fittlct^ feyj or at Icaft I may have kav^ 

bo tiyidtaw^^h a M Eoierl of an Abr%<^ 

fo te^tyi d^^ 

^aibd fi) nio<^;^tdhr^/ Ih^ ito ci^BftKxu'Td^rwwfca’n^ 

l^iiy % ttiam of one 

1^ A iiy bedse 

Braiita or %aih of d^ O h die Akii w Center. Now 

let th^ A'aiid B are t^d tibe Weighn^ 

&fp«ndcd at Ui^ wdl tnfiiibly a^fimdenae, if &cy are 

ei^nd to one aneiteri h' bdfflg y^ otK" jgenerafP^ 

dttt twoBodsei J>jfb^ees Aom their 

cenmnon Osneef j are vbMftdlibneim the FoiaTof their omnoKm Cot^- 
jim£^oi^raisd in the ^^emtina^on ^ dbtdr eqitid Didaaces. Ituiathe 

N Bodies 
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Bodies £ and F, beiiig fup|)ol^ of equal Weight, and tl» Right Line 
A and B> by the Extrenuties of which di«y are iiifpoaded^ being di> 
vided in inch a hhuiner, diat A, and % G, are equal, and A and 
£ afmdifimt fiiom Cento'j it will necefi^irUy follow th^ the Pouic 
of Mquilibrium of both Bodies is in G, which it would not be if they 
did not weigh equally, or if they had been fufpended at unequal Di~ 
ftances ; neither of whidi happens in the prefent Cafe, you 
muil; obferve here, that the Weights muil hang by*Lines that arc per- 
fedly perpendicular. For &pp<^ the Body E be fufpended at the Point 

K, and that the Right Line G, K, be equal to the Right Line A, G, 

or G, B, and that tl» Line of Dlre^ I, by which the Body E, 
ten<h towards the Center of the Earth, interfedb the Right Line A, B, 
in I ; \now becaujfe ;G, I, b not equal to A, G, or G, B, the Body E 
will BO a^nfmeUrate with F fufpended at B ; by which it muR 
plainly ap«nr,^ .diiu: for Bodies to be in Mtpdlibrio^ it b not only nec^- 
ry be of equal We^ht, but likewife that they be aquidifiwt 

from the Cemsr of the Stf I lhall now £how you the Figure of it, 
and furniih you with l<mie ulelul CM^iervations concorning the nice Con- 
ftrudion and Examination of it. 

In Fig. 12. you Imve die Form of the Beam or Brachia of the Ba~ 
lance', whereby Smiths, Scale-makers, &c. may lee how to adjuft them. 
The right Line A, B, is the fundamental Line of the whede MacUne, 
which b exadly divided in the middle by the Right Line C, D, in the 
Point £ i to this are joined two others that are parallel to it, and aqui- 
d^ant Rom £ H, I, divided in the like manner by 

C, D, in K, aad L; Rtwa L deferibe with the Line L, M, the Circle 
M, N, W, P, divide the inferior Semi-diameter of thb Circle into 4 
equal Parts, at the Points L, O, and R, and Rom thence you may eahly 
know the DiRances of the Parallels G, F, and H, I, from the Line A, B, 
the eighth Part of the Diameter M, W, or the fourth Part of the 
Semi-diameter L, M. From the Pcant K, the Center of the Balance, de- 
feribe a Ckde with the prickt Line K, a, or £, K, which is included 
in the Square, b, c, d, e, and where Workmen commonly put a kind 
of Nail or Aids whkh b round at Top, a little angular at the Bottom, 
and pointed at the upon which the whole Machine turns ; now the 
Diameter of this Aseis ought to be very Utde lefs than the Semi-diame- 
ter of the Circle included \i<dthin the Square. Thb Axis b fixed in an 
Handle, (the of which y<m naay fee under the Letter B,) which 
fuRains the .whole Burthen of the Balance and Weights. The Brachia 
A, £, and E, B, are meafured Rom £, and terminate always in the 
Lines M, W, or P, N, fix, eight or more times injured Rom E to- 
wards A or B. Gbfo^c here, ^t the longer the Brachia arc, the nicer 
ynUths Balance he. They make the FsScrum of the Beam after thb 
manner, (viz.J Deferibe a Circle Rom L with the prickt Line L, D, or 

L, C, (tirhicb b eq^ toi of the Semi-dwmeter L, M,) then divide the 

Peri- 
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Periphery of it into 6 equal Parcs m the Points C, S, h, D, g, V, dien 
through the Points g, V, and h, S, produce the right Line^ ^ T, 
and 1^ €t^ till they join the r%ht Line T, drawn parallel to the 
j^ht Line A, B, dirough the Point C : Now if hrom T, and 
d^»ibe the S^moits V, f, and Z, thcu|^er part of die B^in w31 
be iRxmed. Ihen from P, and fet the Diftance between P, U, and 

N, S, towards X and Y ; and from I and H, draw the right Lines Y, I, 
and H, X, towards Y and X, and you will have the thicknels of the 
McnneaOveil&G^ the Points X, D, ^d D, Y^ betweoi X, D, 
and D, Y, let there be the equilateral Triai^^es, X, D, i, and D, Y, k. 
In having dirib^^^ the two S^m^ts X, D, and D, Y> from the 
i^initt1| MM yi^ yriH h»rd the tew^ part of the Besun focottd. The 
m dock C, ^M, mi^ be as Itmg as one oi the Braclda, The 
Heads ^ BUtra^v^ ^BrwU 0 A, B, are made by cMaun froall Cir-> 
dea the prickt Line a quarter the 

SdUi^&i^cef M^ O ; die i^dl at> die Heads of tlk Brackia, or 
Points of Sti^enfibn from which ^ Scales comtnonly hang,tue made in 
thefrUie Fminas thegyeai^^iicfr in theG^srt^dbe^^B^ may 

eafrly ddermine their Proportkm by mkkmg &iall Squaris under A and 
B, between die paraBel Lii^ A, an^ H> L d^ Intsdi^cm of who& 

w^t give their OenteHj from whence ihiad <^rd^ de« 

frrmed in thehjufr Proportion to the jixic of the Balance^ m die Form 
of^l^ fMfr be^^ 

^The S^afrrimdl be cf eqmd Weight; and if the Ropes or Chains (by 
^^dfrrareMwiys fulpended) are of:^e Lei^h ^the 
wInkrBeam Acy Be^.|x»re exad. *31iis 4a what I.had to&y 
widl^fegiud to ihe^C^ of the BalancCf which is fuffideatfrv 

this tmie. I (hall now frtt^in fome Oybv^ations which 1 have taken 
frtmi good Authors, whl^ mt^bebf ufr pa yM^^^ of the Per- 

frdion or Imperfe^ioa of anj Baloftce whadbever. 

O B S E R V A T I O N L 

The longer the Balame is the more exadfc will it be, inafmuch as it’s 
dderibe a larger Circle dnui the BracHa of finall ones ; from 
whmde ihlar^ is oicrea^ they beii^ Ids 

afrrii^^^tMCeHter to a circular Modem, whkh is unnamM to 
and, on the lefr hid^hol^ -^ peipmdiailar 

Mtkion^ which is natural to then^ and bj which the Extremiti^ of the 
BracUa would ddcei^ if hot cMSMed Mdhsuried round by the Cen- 
of tM Bakmcey therefore the longer the Bracbia arc, the more frwj 
and unconfrridned krill their Motion Be ; dt^ the grestd* the Ckcumfe- 
reMes th^ dd^tl^ ^e healer will- their Modem approach to a r^hc 
Line: bf tb you that great Sedks are not naur fo mce and 

exaS as tbe ^friiaBer which are udfrd by Lapidaries and Gddfbaitha; that 

is 
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is wtircly owing t© the coarfe ai^ ^bfedra Material^ of which laige 
Baines are comincnly made, whereas the fmailer are curbufly wrcaa^t 
andpolUhed. To cbnclfiN^^ the J&rfiV ctf their Velocities is as the Dia-» 
Rulers of the Cifcnm^rences or Circle ih^ delb'ibe j and the 
the Braehia of a are, by fo much will they be rk^ 

aded open, ihc upended irmn tl«miv 3^ defeend 

with tli greater Velochy, 

O B S E R V ATI O N IL 

Scales when wuhbut Wei^s may be in MgmU^rio, though at the 
fame time they n»y^ to For if the jixts <x CesitCT o£ 

Motion is riot casaftl^ in ths m^ldle ^ the Beam, and the thatt 
hangs by the f^rtcil is made of knotty Wood, or has iu 4 

mcltnl Lead p^ced any where into it, the may he in perib^ 

MqttfSb^ >lLet dfic ihditefe A'oehiumi for Eaamjde; be divided mm 
lo Fares, jmd dhs^ 15, let the fuQxmded by the 

Xitf^/^ We^ lO^ imdtlat fe^end«U^ tAiS Parmer we'^ 15 ; and thedr 
Wmgksaij^ dus Means in a reciprocal Proportico, 

th^ w^ be ; l^ diey wH continne to be if you put in 

the Scale of ^ Weight of 6 Ounces, (for Example) 

and in ihs other n Weight that is to 6 as 10 is %o l| s upon this Aecoimc 
it was, that Ariftotle (in his Book of Mecb* J.X rebuked lb ihaipiy 
thofc Dealers in PiBplc j &e 4 beiflg m6 io is to 15 j th^ certa^y 
fold 4 Ounces ofMHk for 6, wdil^ was Butyou will eafily 

Corner ayc^ocajly Ihift^ lAotlPe^ks feoxa one Scale so 

the ocher. 

OBSERVATION III. 

It is not fudicient to allow for the Length of cither of the Braclia Iqr 
adding a greater or l^ffer to either Sidci f<« it is better not to 

admit or truli to diis M<^6d of making amends for the difeenc 
Lengd^ of the dioiigh; it might in fome fca't be allowed : But 

be adhied that the nearer the Bracbtaa.i:c to aa £«|uaU€y between dioii' 
felvef^ foe more c^am and ufo&I the be: And if ew 

you are obhged to make rile of fuch that are not fo very perfe^ you 
cannot be mo caotkius in preheating Errmrs ami Mifoi^ 

O B S E R V A T I O N IV. 

The P/tf»r upon which the Sekes of the Balance arc at refl^ or in 
Mqmlibrio,oc^t to be palely Hc»riz<mtal, and exsuSUy upon a Level} 
for ^.thc Sekn do not reft upon one and the fame Iwt that on 

the: contrary of diem Is depreded ^ the other elevated, they ridll 
4. not 




C^tbe Qreat Art ^ A r t ills ry. 49 

110; d^at Ca^ ^ ; ^(Hwkhtodmg chey m^}u be fa 

whoi they: £u»e Hctrizoj^ ; Imc th^ which 

is that wUchiis ekvate^ tior will the iSti^ 

iter .read%; ft^reLki^ Pt^don j becauie the Pief* 

(iirew^kh ^ %h& S^ks to de^gseodi reiii^ns impr^bd 

»€opfideitdde tt^ aifter it is 4 l>i^ > kt diertfoFe ycmr Scales. he gently 
bi^giit to ^^^1^ d»t y<M^ inay find whct^^ nothey wiH 

" ^fbe S^AITB&A HO MAN A commonly called the 

V 'r ■■e'Tht'KT-V'‘A 1 > n ‘ 



- Akhpdgh I haye of ^^alance, might be ihffickat to illu<^ 

as it 4 il&ra in ks 
B^t^e, I :^lhi ^ and 
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portknlady I^n$ look back to 1 1, 'where t^ right 

Lk)e tlw Steel-ya^lf^^ 

iQi^eft Bracl^m, » C, a^; Its (hoft^ A ^ 5 O being the .Axis m 
^ M«^.rhi-^it^, .P^ Q, G> he as 

i to fo j ^w A ^ tto 




and^^c li^ you jBiay 

them b^t 

I to^v 

Steel-y^d nAj be f I^ the Oiibuice bch 

ty^h A a^vB ti^5 eqp;^ P^ i Bithe Cauer of the 

O Steel- 
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Steel-yard taife the perpendicular B, D, upon the Right Line A,Cj and 
upon the Line B, D, let ^ towards D, f of the Diftance between A 
af^ B; let the Perpendicular B» D, be continued downwards as far as £, 
to the length of t of the Diftance betwwn A and B, fo that the whole 
Line D, E, may be equal to the Diftance between A and B. From the 
Point E, upon E, D, extend a Perpendicular on the Right and Left to the 
Points G; and F, eac^ of them equal to 7 of the fame Diftanccj and 
corbpleat the two Squares E, F, H, and E, G, I, ; From G and 
F, wi^ jthe prickt Lines G» E, and F, E, deferibe the Segments or Arch- 
es H, E,' and E, I ; this done, the lower Part of the Infttument will be 
formed. Now to conftru^t the upper Part, let the two Perpendiculars 
D, M, and D, N, be produced to D, E, equal to 7 of the Diftance be- 
tween A and B ; let than be continued to Lat^ K to the Ler^di of ^ 
mimte 7 of the aftM*emoitioned Diftance. Then from L and K deferibe 
the Arches P,N, and M, O, with die prickt Lines K» N, and L, M j and 
thus you will have the upper Part of the conftrudted. As 

the HgkI or Buttem, k cannot he wrought after a betc^ or more coave- 
nfent Faibion th^ what I hate drawn in the Figure^ (viz.) If in the 
Gitefe S, U, T, X, Z, whole IKainctcr going through the Center k f of 
£H^nce between A and £ ]^u make Mmildings or Roundings 

B, Z, B, 1 X ^11 T, T a a : 'The Axes R and Y are the Height of f 
of the afttfeftud 4^ftance, and are made with an Ec%c that nearly 
tcniches the Right Line A, C j you Udll have the thicknefs of the 
lcmgdlBnici<^»n if the fame diftance I have 

fo dbn mentumed, and if ftdm ff rmd C you draw the Right Line, £T, I, 
and Q F j 1ft Bson, the R%he line c c, bett^ produced trough the 
middle between’ them, it- WHf give Ais Brachium the Refemblancc of a 
Rhomboides m its Or^bografdiicdl Figure. In Ihort, you muft take the 
Axis os Hajidtte D, d d, equal to treMc the Line A, B j and as for the 
three Ornaments that are cofiunonly upon Bracbia as^ Axis of this 
Inftrumeni^ th^ muft be referred to the Fancy or Diferetion of the 
Workman^j but for fuch as are not Ahifts, die Scenographical Figures I 
have drawn, may iuSciei^y iftftruft ihem. I have nothing more to 
fay upon this Hcad,^ flicW you a way of divkling the 

Braebiumy which is done by equal Parts, calculated fer the Ex- 
amination or Deiocmnatkm of xbit fta^fkSs H^ei^s that are ufed. I have 
feid above that in otif Example the IhbrtdB^ A, B, ws^ to the 

loi^eft Brad»sm M, f^ as 1 to^^ dierdbft upon the B, C, 

you muft ^ftk^Uh thb Diftances or Parts with fmall Lines or (uitable 



Numbers, begkinn:^ to reckon the Diftances ft-om the Center of Mori- 
on B, and going oft towards G j all thefe Parts or Difhinces may be fub- 



^vkted intft any Nun^ier of ftnaller Parts, that fhall be deemed proper 
m nece^^. The Counter or Running Weight hangs by a Ring^ 

and fiides demg die Braci&rsw, weighs fometin^ one tb, fometimes jo 



tb ami xoo, or ftwne ^ lefs accofthng to d» fizc of the Steel-yard, the 



ufe 
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\jfe of which muil appear evident to you from what I have been faying 
and all the Obfrrvaclons that can be made upon it are founded upon 
the reciprocal Proportion of Weights^ and their Difiances from the Cen- 
ter^ut fince Jdm Buteo^ and others have fpoken largely upon this Head, 
I £ha^ amclndtndiis Chapter with fi>me Obibrvaticms that are in fome 
fort ijicceflky,/ for the r^ht conceiving the Nature and Ufe of this Ma- 
chine. ^ 

O B S E R V A T I O N I. 

You muft reckon the upon the Steel-yard from that Point 

wh^ it hangs and moves rmmd fr^y, and the Points by which tht 
on either Side are fu^ , 

OBSERVATION II. 

Several W rights hanging at feveral Diftances on the longefr Brachium 
of the may aqui^onderate a frogle Weight fo^Kuded 

from the fodftefr. To d^b this it K that tl^ Produ^ of t^ 

Weighty muIt^Hed by its Difraiice from the Center, he equal to the Sum 
of the Products of all the other Weights^ each being multiplied by i» 
D^mcelfri^the C^t^n 

O B S E R V A T I O N HI. 

l^t it is upon the ianie Btincifdis with Hiatt Steel-yard^ that the de- 
ceitfui Bcdance is founded $ whk^ dbeats ly the InequaliQr of the 
Bnachia. ’ * ■ ■ • 

O B S E R V A T I O N IV. 

vifo WeigMs mhvh i^mto be, and are in reaU^ mMquilibriOt the 
heaviefi bmrs l^ws^ fuch Rt^x»rtion to the as the hmgefi Bra- 

cbiamdaac^xa xie^^^ From whence you may (foferve diat the 

Ugkefi Wei^s which they do 

in appearmce (»sly^ by mems of &etr leciproc^ Difiances from th^ 
Center. forfrki^es to beof eqmd Weighty 

and to aquipemderate^ of be in difSbr^t^^^ Fitna 

which it ^ow^ thsit if a, Bo^ twice as is at t^^ic« the Difiame 
frmn the Center a^Bsdy twk^ as Btavyi or if a Body a choafimd 
times a ^(mfrmd times n^ ^in a 

Body a.^QU&nd tiofos they will be in 



CHAP. 
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CHAP. XII. 

the Aiiciem ami iitdtn and Dry Meofaret core- 

f^c^d H ike 

T H E CoUcdlion that wc have made of all tSa/tWeigbu which are uied 
in alm(^ fdi the of the World, and which we have treat- 

ed of in the Tcmh Ch^)Oi’ of this Bot^ with the utmoft Exa^efs 

; kMs us now to conlider the 
and to r^tice theox 
to the We^i4ti contriving that it will be a Work not wholly unufcfiil to 
^bA Pyretechdei^, or t^^rs who voluntarily apply themfelves to the 
Study of r hoth Realbn^ ^d die order of Things, 

retire 4K to ^iSxdate sukI c<nx^^ tint Mtafures widi the H^eiglas^ k«- 
cc^ we heqpitmdy con&fu^ll^ tpget^ and indlfierenrijr Tnalrg 
iilb c^4odi, wid^t diftij^idd^ But 

hdwe wc enter u^- diis wc n^ pteon^ die foHowii:^ Qblerv^n, 




*]^iat bodtXjf^jftt^and Zhy things vaiy inlmitely with r^ard to fPdg/oti 
whkh docs n«r <mly arife from the IMvcrhty of their Species^ but wc find 
it alfo in one 9 ^ tl» fks^ fa Wafer d^ not only difier 

in fiodf fiy^ ^ #oih Brr, from Brandy^ 

and fiomodi^^Z^a^K is anineqaalitf of 

WffUi wc find 

thit IS hiKViev thus ^vio than Rye^ Oats tl^<^. 

Barley &an Barley^ and ^dn. Since then Things of one and the fam<» 
Specie agree fb Sttle thqa&iye^/it^e^ to con- 

ceive, ^t will gteady ^flfer vd Weight ^om one another, chough 
wi^ rqpud they may be equal, which you muft alwaysfup- 

in mii^, what I ihav 
Minerals^ &c. And hhce it is 
non any Ld^pad 

nr ^ of di^csit Speemt I ihafl here <»ily fut^in 

dmt hawe been made^ to 

f^J^l^p^h natmidly^ any kind of Frejh Water : 

Rain Water h the lighteft. 

Moiriin^ ih^ h a^^eatu^^ W^bt between 

Sprif^y Wetty Pmiy Raim Watery 

v^ther or 

A^n, Wafer weighs heavier at one Seaf<m than at another, Furthcr- 
waoTCt Wafer wiil w^h in a cotain Propention near the Place from 
wixsce it iffiies out, in a d^^rentPrcpoition after it has run fome 

diflance 
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from kj aad if bdto it is 

£po^» you will inlkiiiby find it vaii^ afi^, k is thaw^> to illuftme 
dik j ExperkacB c^Imcs, that la is lights than 1:^ ^ former's 

fwh^iing Ofi dw thc 4*if/rr. 

I de^iedfy pa& fevend l^rts of ptr of distent Colours, 
•Xiftes, and Odours^ nor will 1 take j^ice luch kinds of k as are 
Ghi^kai% Skum'in 4 ps> ^un^oQs, Sul{diur«H]^^f^ Salt; nor dwelt 
npcm tiu^ that ihehriate ainl dklurb the Brains of Perfcma who drink of 
kil ykewife Jbc ^ feveiai Oily Spi^ngs, one 

of In aCky in 

ho ml^Uo^ai 
?ud 

tkai of amKbt^k^ ^ > 

bt» tbe^ I o^erar |1^ 4^ 

001^ giai^ tfUCiJCf: Utwr (^.wj[M theyoom^ 

monly are. I find nothing of thiakind wtnthy^^ our Oblenration,. exc^t 

iT« on tho^:Yatk in the Lett^ fcntl^jrA?^ 

(vkc^ 7^ 

^ wifea^ 
OH; tit oHifa^ ib^ 

timar^ iU W^tmd Mprti^ nri too oeid^ ^rofs Siima 

m; ^ the Riwr iSmtra ( viz,) 

m ik CUm^ fi iet t^ Mtter m 

_M biHtJU it^rdi tkt 

doidJi^f^^c^ J^irer^ whkhr 

of 

y^ea k|i^ 

we sas^ naiKh ^ , If 

yoB ans ddBnte of :h<^^ iafi^dp^ of th«. %R0gs 

and^Vli^^^ 00^1 (where ho 

treate of ^^Uadiuti Odsmella^ Pitruvius, 

FrotainuSy Boccace, and imny others, who will fully fatisfy you upon 
this Hold. I o®1y diougl^na^df to (how 

the in&iite Variety as^^^^^*^Jbcos?cca:>^ TO 
kukl in fxutkukr^ and hetwem ^^ aikit^ m gemr^ 

All forM are l^t» Bmi Water, but as they differ very 

mudi fiom one amKl»t ^y w«igh differently ; for fo far arc i!hoWif»t 
of Falerma;,i^m^ BfmnfsFrem^ Bf^ary, ^wrkey^ WaUaclda, 
and fevttyal others fibna s^^te^g^wkh c»ie anckber in } that on 

the contiatyiQ'^tol F^tto^SefoFtmxt C/^toHi and FaJtrmtm feom Faler- 
ffncai' dad ^ielfe kr geiKrad are l^ttf oo heavier than the others we 
have m«ttic»i«d- They lifeewife we^ varioufly at difierent Scafons of 
dbe Ye«t«:ln ^n»%^^k^ in?wer a^ willbo* and the 

(^Icr k % ^1^1^. ^ 

P Oih 
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Otis affeiightta: dian eitlier Water ot Wine^ as appears by their Prop«*- 
tyof fwimmmg on the Surface of Aofe two Liquids, though never fo 
much incorporated and mixed with them: but the different Spccifick 
Gravities of Oil and Oil are ftill more remarkable, for Oil of OUves^ 
JImortdSy Wallnutsf JJ^eed^ ^urmffy and ail that are made by a PTefs 
or any Engine of that nature, are much heavier than Oils extradt«l by* 
Alembtchy Siillsy MatraJfeSy and fuch like Ghymical Veffijis that arc 
more artiiSchd. 

In idl diMed Wafersy Spirits arid EffenteSy prepared after the 
ftme manfl^ with Oilsy weigh 1^ than fuch 0;7r, let them be what 
they j and thc& lifcewhe diffi^ very much in Weight from one ano- 
ther. I nttt htfe enumemte ^ infinite Number of othff 
whe^ Spedfick<jravit»s ^u may yimr Leilu^ examine ThisRe- 
ibu’ch I fhall leave to thoft, who have more Time to devote to their 
Guriofity; as for m^ I havebut litdc cnimigh left, to tr<at on Suljedts 
Which m:e nauch mom ufeftil arid neceffiuy. 

All forts of Grain (as I have already feid) vary infinitely with regard 
to when of one and the ftme iGW, and from one another whai 

of djSEertat Species i fo that it is difficult to afeertain any thing, as to 
the mutual Rri/iV ih^ bear to cmc a However, I fhall infcrc 

what I have difcovci^l^ Eiq>eriments. I fty then, that Wheat is hea- 
vier than Ryr, than Barley^ znd Barley than OatSi though their 
fevcral Grains ftcqisently vary as to Size and Weight. Now many 
Cauies may be afiigned for diis Variety, whereof the Richnefs and Fertility 
of Soil is none ofdic leaftj for it is highly probaHe that fiit Ground 
contributes greatly to a fine Crop ; becaufe of its natural Moifture, 
which is better able to nouriffi its Fruit, Aan a dry hungry Piece of 
Ground, that has not wherewith^ to cherifh what it was naturally 
fcarce able to bring forth. 

The Second Cktife to whk:h it may be attributed, is the various 
Glimates and Rtgioii^ and the difi^erit Situation Fields and Grounds 
in the fevcral pitfG of dw Earth ; as has k lib. i. 

Hie figeteSy illie veniunt felicim wa ■: 

Ari^ei feetus aUidy atpte injuffa •oirefeunt 

Gramna. 

InEsg^thus, 

ThkgrouiKl vmh dm with Ceres fiiks; 

The other loads die Trees with happy Fruits. 

A f<mrdi with Graft unbiddoi decks the Ground. 

Dryden. 

And truly this matter deferves our Gmifidcration, inafinuch as wc 
are afiur’d by Merchants, who arc the moft expcriciK:cd in the 

Branch 
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Branch of Tra<fc, that the of Pd or of 

any of its circumadjacent Proviirccs, weighs xsolbj that the fame 
of weighs i§o lh$ of Sardimatty 2io % of <S/- 
ctiiany 224 lb 5 of 23^0 ^; and of « fVbeaty 2361b} 

Hear now what Vitruvim %s upcMi this Sulgeft, Lib. VIII. and 
Cap. III. 

^be Variety tf the Fruits of the Earthy fitch as the Canes and Reeds 
f^yrtSL and hsskissiy and tlx feoeral forts tf Odorijhrous Herhsy Oitd Aro~ 
matic Pretty &c. att of f^ different a 'Nature j is owing to the Variety of 
CEmaies Redons, ^bis Diverfity ff Climates ^s not only in* 
fistence the Vegetahie W'otldf hut ffe&s likeWffetbe Animid WMd in as va* 
riom dmatmeri and proceeds from the IncUnationy or Paralklfm 
<f ^ Earthy and the C^fequends of its Obli^ BHtmtiony the 
different tlef^eet w F ef Meat difirihuted to the fi%xraf 
ff the Earthy which are hy that means endssed with parfiesdar Pro- 
perties. 

Ag^in; the i^j^rence between Grain is owing to the Varw^ of 
S«dbns} for condnttal Rjains, and thkk d<^ Weat^ Will nacurdly 
tsnkt Ckirh poor and light $ it beh^ in fodi a impe^ble fw it 
to amve at compleat Maturity, for want of that genial War&di^ which 
is ncceilary to cflFoft it 

It has nnt b^ without fomc teorct Myftcry, that the Husband- 
man has carefu^ oblinTed the times fm* Sowii^ his Ground} 
he kno^ to l^ in the Enereaic} what 

in her Wane w to foW w^n her Hi»ns are iharp*pomt> 
ed $ and what} whe^ #te &kes out with hot fuB and borrow<^ Iax- 
Are. They are Well ao|u^ted ’inih the did^rent £^tuatk>ns die 
Heawnfy Bodies } didr Rifing and Setth^ 4 and with every thir^ el&, 
ma^j^twe tmnhib to ^ HafveA, and nim their Hopes, at ^ 
very I^nt &ey commit diem to the Boiona of all^bearii^ Modier 
Pitgii ve^ Warns ^ati this head hn the Booh 

I beftae qu<Ked.^^^ 

jhte tihi Eoee AtlatOides edfiondantstry 
Cftufiaque ardesnis decedat fieUa Corona } 

PhMtaqudnt ffkiscemmH 
Insita pepperes anm Jpem ctedere terra, 
hbtki afae occafitm M^ ceepere : fed illos 
Eotpe&ekafigesweaus^^d 

In 

But 3Pour Cam to Wheat akme extend. 

Let widi her ^Aers firft deic^ 

Aiid die Wi^ht Gngi£im 0 is^m downward bend: 

8 




Before 



$6 Of the Great v4rr 0 / A rtil t rry. 

Befoi« yoQ tnift ill £«rth your future Hope} 

GNr e^ expe& a tiiUe^ lazy 
Some Swaui$ JjaTc/owD bd&tre, but 
A husky HanFcib from die gru^ Ground 

Dryden, 

From all this we may conclude, that it is impodible to afccrtain cx- 
^ di£S»rent J^ecihck Gravity q{ Grain and Seed. 1 could fay 
ix»i^ more to prove the locotiiude of thk Matter, forbear 

ipmkiiig any fiirther concerning it. I only here infett the Teftn 
mcmy of Merfiimus^ to cmihrm the Truth of udiat I have here find 
of tha in the Pfehice of his Book Meafitra^ 

Weights^ &c. he us, “ That having weighed all the Sorts of Grain 
** a^ Seed u&ally foH in he could hardly find two Grains td* 
“ fiune^/«nV, exa^y anfwered to one ano^r, which rendering 
“ his Attempt uncertain, he gave it over ; and that befides their being 
" naturalhr dii^ent fiom one anmher in Sizi and IVaght^ th^ areiub~ 
je<^ m^^ Almratkm$ b^ accidental MoHhire and Drynefs, and by 
^ dm BvSfMcaEtcMl thc^ &ior Particles, that it is impoffibk to afetf<> 
** tarn ^ SpOChkkH&avities eA Grain ex Seeds \ and that thia Incer- 
" titude extends in fiane d^ree to all natural Bodies. 

Secondly, In order Meqf 'ures to Weights which 

arein pre&nt ufe, we wdl, in the.Seiqpml of our Difeourie, fuppofe, 
that the Mental Fmtd y/m c^ud m 10 Uneipe of the Pmderal 
p0msd,or thar^^rwea^ to tmeatimher as 10 $0 iz\ ih^P<mderal Pound, 
(as we have ah«^r:fiti^ cmiiainh^ Uncia ex Ounces, and each 
Oifnrr tiz Rmam Grmm, Zxei confbpiently the whole Pwndpxi&. be 
y344 Grains. By reduci^ this Pound to ocher of 16 0 «»rrr (as has 

bmn done ^fiwend tsu>d»m Pyrotechucians) we mean that the Otace 
<^tbh, ex fhotdd t»ntain Grains’, but thefe Grains will 

not be of eq^ WdgU with the Grains, theirs being l^ter than 

ours; fo that 612 Grains of the Roman Ounce are equal to but 536 
Grains of ourOaacr; and thus our Ptmnd weighing gz 16 Grains, is 
heavier than the Roman Pmmdi^ 4784 of it* own Grains j confequent* 
ly the Roman PonderalRmmd wei^i^ 6432 of our Grains, which we 
^ve faid from Morjamus in his Co-e^nuion of the French and Raman 
Pound. As to the modem Roman Graim, we here fiippofe them to be 
equal to the jincienf (th&agh we are not a^red of chat) and wc have 
likewife re<hioed the Ounce cur Pmuid to an Equality with the 
Ounce, bccaufc its Grains agru; nearly with the Wc%ht of pick’d Bar- 
ley-corns; according to the old £xam|de and Pra^ice of ^e Grteks and 
Ramans, as well as of the Hr^nrew, who fitd made ufe of them. 

Thirdly, When in fpcddng oftheMrij/hw, we fhall fiiy that luch a 
Mea/ure wet^ & many Poundnx Ounces j wbedaec they belong to the 
Country where dxs Mea/^rc h ufed, or to any City or ^untry in £«- 

rife 
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we deigning tt> mafeeujfe of in this Chapter^ you mtift take partkolar 
Notice of it in Se^I of our Co-equations. Perhiq>s (which I do 
iK>t remmher to have fead) the of the Fwnd to 

Weigh and me^te Uqui^ atid anodier for die ufc of Dry thirst 

only (viz.) die Fo^ral Ptmtidi *T^ Ve/m of z Rmtm Cubic Fool^ 
which is :&id to have held 8o lb idenjural of Water, was equal to the 
AmpborUi D^fcorides hovrever have it, that the jhnpb^a held but 
52 15 of Vinegar D 4 lm, on the comtiuy, 

that the held 72 15 of Oil, 80 15 of Wine, and loS lb of 

idoney. 12^ that jhs found (upon niaki^ the Ejqieri- 

mem) t^t the Cubic Foot, inch as the Ckr^aUs oi ViUa^mdttt^ 

^ dwre are th^ who difo fiom 

him upon this Article. 

The fikme Author lays k doWn for a certainty, 2nd will have it 
the Obf^ations Roman Amphora heH ^^Ih and 

14 Oak of Water of Farifiart Witigit i fince the Cwigfar, which of 
the Ar/rpboraf holds (according to him) 7 15 minus j of an Otmee ' <A 
Watery from whence we may pl^y difrover that thde 80 15 Rman^ 
tahvdx fotihcs^^ were of the Fondkt^ kind. 

Bm we' fr^"l^ve"diis" B^fcuffion^cd' dicde vdio have 
to i|Rue than we have, ahd 0udl now prex^ with our Meajitres in the 
Order we began. 

The URN A or URN Was (aceordi^ to Cahj) z Liqmd Memfitra 
of half the of the it vm fometimea u&d to 

mcafurc-pty thwgf#, ind, held 

1 i Meditts, or 4 or or 4 Oun, FenderA, 

and of our 23 15, 3 Owl. i Dr. 2 Dm. and 8 Gr. 

The MINA was equal to the Uma. 

The MODUS, if we may believe Fannius, was propetfy a Xhy 
Meajure, of « of the MedimrmSj and j of die Am^bora ; diis held exadly 
241b Roman ^ Wheat Now as to Idgmds^ Qxerc we are chiefiy to 
fujqKife Wine and Water, which agree thcmcair^ in Weight) it is cer- 
tain that the Romans ufed but one Meafure fev them, which (as we have 
already frid) they called the Mensural Fmnd\ as a Liquid Meafure^ k 
heW 26 lb, 8 or 22 2b, z Outl ^ Dr. i Dm. andlGr. 

Fon^alf ai»lof vwe Weight 15 tr, 7 Onn. 3 Dr. 2 Den. and 13 ‘ Gr. 

The CONG IUS> which was V of ^ Ampboruy held 6 Sesetarii^ 
or la Ib Menfitraly or 8 ib, 4 Oun. Fonderaly and of our Weight 5 15, 12 
Oun, 6 Dr. I Diw. and 8 Gr. 

The SEXTARIUS held 2 Hemnay or i %Menfuraly and zReffis 
of 8 !l)mcesy w\^^ in all; Or 1 15, 4 0i«. 3 Dr. and x^Dev. 

PtmAerAyiwi^ cAoorWe^bt j^ Oun. ^ Dr. ji Den. and £ f Gr. Tk« 
Bowens 1^ ^Ued Sextarius Rs^icus, and 

UR^ doul^ of di^ 
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The HEMINA, which was alfo called CO TYL A, was a certain 
Meafure which held 2 ^gartarii^or tf^ i^Jdenpral^ot S Oun. z Dr, 2 
Den. and i Gr, Ponderaly and o( o\ 3 r JVeigbt jOun. 5 Dr. 2 Den. and 
14 VG'r. 

ThcQlJARTARiUS held 2 Acefadruduy m 5 Oun, Menfuraly or 
j^ Oun. X Dr, 1 Den. ‘and i Gr. Ponderaly or % Oun. 6 Dr. 2 Den. and 
ig Gr. nf oar fPe^bt. 

The ACE TABULUBt Was a kind of fmall Cup or Sawcer» and 
hdd r 4 O^atbuti & i -P''* b^^rkly z.0Un:z iOen. aM \ 

Gr^ Dender^ and of ouf i 0h». P^. i jC^:^tnd p * Gr. 

C Y A TH p S was A fetsAff Met^j^e m the Iform of ikk.Acetahubinty 
and he^ 4 0 klearii 'ht_ SpoonfiiB; that is, 1 Oun. s Dr. and i Den. 
Men/uraiy or i Ouni Dr, and 8 Gr. Pmderaly or i Oun, 2 Dr. and 

COCLEARIUM or SPO OT^ wm the f of the waS 

e^»d # 3 and i 2 Pw. 8 i Gr. Pon~ 

iho^ 2 pr. r Den, axA 17 i Pr* of bdr 

liquid and Dr^ Mtafitr^i of tlm Anttent Gceciaos. 

The METRET4 or MEtRETE$V^^^^^^ held 3 
Vrmi therefore ^.wiu e^ual to die Pomnn Ptfeber or Catfus. 

The A TEAS A was ;^jPcman ihEb «//4 according to Cafound Cd-^ 

ikniAh, ~ ' 

T^ L ACpNIpK METRET A was a little IcE thah the Etf- 

a¥t 1CK' AMPlidR A wiB 
cord to ^ 

^TEP S Was h^pf the Metre^y acetn'ding to 
AgfictdaundVillf^andm, 

Th« C^P^ Was e^otd to the Raman Congius. 

the was aifo c^cd TRIBLIUM,^ was equal 

toxheRmknHe^ 

T^^PXTBAPHUM was equal to die 

The M YS irl^P y^of twql^rts,^^ being, U of the 

and th« 3 ^^ 

Tihe dfi E M E or C H E M A was equal to the Raman Cpcleariumy 

os Spm. . xi 

CWW^c here that it will be very eafy to redi^e theft Meafures to the 
andent Bfenlural ai^Eoi^ Peu^, as well ^ to oa^i they being in- 

diSrendy ’ uftd >^^wixier]^4 in meaning or weighing both Id^id and 
Dry Goods, " V 



Liquid 
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IjqtddomiDryAhafitnsoftbeJh^eml^ 

C H 6 R U S, C H O N E R, or HOMER (as we have it ia <w(r 
Truiilatipo it w» eqwl tQ h of Rmm 

kusy or 45 t th» . indi|feccm^ m oacaforing bodi JU^pid 

and Dry I hoc give myiklf the trooble of reduch^ ihe& 

it ^ tncll » I, whodoes 
but 1^ alieid9^j30^&^ /thb mentioned 

in the 5^ '.Kthe v. Ver. *i 

and d^ Q and- ^ 

xvi. Ver* 7* Some are td’jQpiAm ^ Load of a 

f^wweL 

LEf HEC, the f of the Chona^ held 5 ^tbs <x S^>as^ whkh urere 

(Knnd tp icWpanpf^, or. a? 

or i of AeXef^, and 3 

itX^iurti W^j^ud to the Ppian HyM^ or GfSh 

to ^ Metretd. Jofyhus mentions this Mtdfitre in his lEftoty 

»il|f tie it 

vett Ofuid m i f i^^ <» H SyWipi M 

M i»^c j>& 

1^ u^h he dou^^ means ihtAttick M^^ 

1 ( dt dih ISwiefc^ llsh Afe^r U mehtlsi]^ in Geni^ xvilL ^ 

andin St v/y^' ,, , .,^ 7 - ^ 

and h^"^^ Cahi it ms e^o^to tz 
Sextant it is of ip Ef«<h« lacix. ycr^4o. 

and ih Ver; ft > ^ ^ 

OMER> h of the £|^4 ^s eq[ual to 7 f Kpmn Sixtarii y ferngthing 
isM<Win£*«&Bri^ Vet37. ^ J 

CAB, thefrf ih(f 4 equa^ 

tariii vhs fipd f^heh pf In ^e id Book ^ 

The 4OG, held 6 i^p-j^e&Sr, and v^equd.co 

man Sts^Ndtm- fb^iim ^d zMea/Ur£ 

ind thsd k-hhtt ^eSfflC-ejhidi^^^S®^ ? 

The EGG**SHEEL, | of the ^ is th^ghc 

to ittid^ C)^/6 13 ^ ' 

Welnive j^ e^ ot ^ Jneiem Meaf^^ proceed we now, to 
diclb whkh in^ and cthd^uently more £umi£ur to ua 

notjhe^ 

Sci^ of thlfEard^ 

wotdd be an Asen^ as vain as k is impoffibte. Hierefsre I lhall only 
r»aa^ htth at are ctni^ m iz«n^ famous and heft known Cities 

and I^ovincei m the Workk 1 ihall be oUiged to call them by the 
4 Names 
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Names they bear in their rdpoflive Countries; and to conclude, I (hall 
reduce them to as 1 luiyie alf^dy d^e Widi regard to thofe 

of the jfneients; 



Spaoifh Ufuid Miafttre, 

The BOTA or BUTT holds 30 each weighing 30 lb, 
it Sitpesi dui Rda is oidy i* Tlie 

41 by and c^t^bq^iitiy theBUTT:wi^b& 960 lb 




The PIP A or PIPE wrdghs 30 Ro^as of 38 15 each. 

Tl» vKPBA is 8 

The SOMMER is \^artillas^ each dT which weighs i of the 
conj^|iu^^ we^ss;i tb; 

T^S^amards have adi^erlund of ^dii£^m^ C^ 

the abo^mne^tionfd, with^w^^ ds^emimionly mea(t^ Otl o£ OMves, 
it cond^ 40 R^diSi but ^ lighiStt than d» bdiers, as we 

have sdready fidiL- 

Dry Meafiite the fomi Nmh/t, 

The GAHI htdds 

Tlie H^NIpGA » 1*^ 

AtfcMUO A 14 and idx^ 24. Gn 

: said ^ jikdauk Is of fi^<&Ajitmfterdam 

« »N 5 Ihidl 




:i^VEBCO- iaA andfcoA^^!^^ 



. Ti« AEMUDA cmitaiaa^i^ 

i The O^U ARTA is csguiX to^ ^ of S^am^ whi<^ weighs 

r tbof j&tOfda weighs 48 :&o£^/- 

toetff. ■ ' ■ 

Tfei Ai ^lT^ G A N TA R is | of the iStA hoHs 

whidj| 4 re jfjdntvserpSkopts^ or 34xhi^tts^ A¥ldi ^th^ 






is 131 Cimtffs, 

h Mptid uAd in We^;hiflg 59^1b» 



Dry 
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Dry Meafetre of the fame Nation, 

Tlic MOI holds IS Fangas. 

The FANG A ^ ^ 4 Jlquiers, 

The ALQUIER - - - 2 M^osy which are half Meafurea. 

The MEJO 

<X>lerve h^ ihae 225 are «qial to z Lafi o£ AnfieriaOti 

andcoofeqii^y ^ and 

io Gr, 

French Lifiid Meajkre* 

TheMUID, (yJARTAi^ or CASQUE holds a 

FiletSyBerri^pteSfmv^Barrek^ 

The FIEET 

The POT <MT QUART - - 2 Fintes. 

The PINT E --- z Cbopines on HemiUt, 

Thc CHOPINE 2 Demi-SeJHers, 

The DEMMECTIER - ^ 

Fromi^ this it fdBows, that the Maid of Paris contaiOs 288 Pintisi 
andthis it does/ byui Oitdkr^^L^rXliL^^^^ B^^ in purftrance to the 
Or^rs oS JSemjfbe Great, it oi^t^ contahi ^00 Fitttm -Nertif it 
will Wvwy ca^ to t^^u^aEe ^Mgjfe tw<^l^ tsda^ awy i2 aP*nfisf, which 
ought to be allowed for Hence yoo inay readily 

kn<wife^Fi^tof% 3 ^»l^<^^S^rPbiv as by the Ob&rvadcms of 
Merfermus, it appears t^t &c P/«^e wd|hs 2 lb, it will follow that the 
T«ff» or aBS^ Of raofe Piraes, will we^h 576 lb. 

But if we admit of the Lce^ it wll wei^ 600 tb o vwr jmd above die 
We^ht of the Vd 0 fel itfe!)^ which is not to be reckoned. Merjennus has 
dclcribcd the Fbrm andl^^ di^ in Prop. IV. 

of his Book Mee^esf &c. “ It has the rcfcmblancc of a Cylinder, 
" or rather of a double truac«cd, with equal Bales, fmni 

“ whence diis Vcfl^ is more capacious or Iff oader in dj^ MBdIe than 
towards the Enth I its ^ys he) or intmom is 2 

“ Feet ssA io ImbeSy^a^ it is 2 1 E«r, and towa^ 

** the Bottom or Bafes 2 Feet only. 

The Gesl^&t-Mmdx^ Paris holds'78 Stopes of Antwerp, and fomc- 
times 77, that is, ^12 Pints, or ^>8; It weighs 46S or 462 lb of 
AfOwerpy fince (as we have already laid) the Siope weighs 6 lb, the 
Pint which is i of it ought to 1 f tb j and this we nay eaiily 

detormlM dss PropGft^ idsetPdrifima^ Antwerpian Pound. 

They hs}fc mxith!a l^ which French call 

a PIPEj this holds 2 Mutds of Ptfw, and conlequently thighs 
i20olb* 
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DryAieafureofthefameNat/d», 

The MUID, or GREAT MUID holds 2 T^ontuaux 6r ^urts, of 
izSe/Hers. 

Tht TONNEAU hi the Muid or 6 SeJHers, 

The SESTf£R« y| of ihe and iof the Itottneau, and is di- 

vided into 2 Mines. 

ThcMIN^isiJM^ 

The MlNOT contains 2 o^r linali Meafuris commonly called 
Jddjfeai^oir^ujheb. 

IRie BOISSEAIT or BUSHEL, according to MerfennusJho\d& 16 15 
c^>j|%eaf, vrhen it is heaped up withoat diaking or fqueezing it down. 

(of wh^^s lrt)Ove me Rim of ^ Medjurt) 
fanw Author, weighs 3 * 15 ^ thus wMn ftriked diere will 

remain 1 2 1 j6 in it. Supptde ricwr that the Mtid contains 96 Boipau, 
we kMuid full of Wheat would Weigh 

T 1 ^ Merfnum adhres us he found hy Experiment, that there 
arc S60 Graiiis pfWheaf in the Ounce of a Pmnd, tkjmg them pro- 
m^:»oudy ffbm imy Rwp or Parcel without picking ot chooiing ; con- 
£quoi^ ti^ Wdl cmitain 13766 of thole Grains, and the Bo^ 
feau heaj^ up 220160 Grains, but if llriked htit^iyadbo ohly^ 
T^c to , the Orders of Le^is the XIIL 

f. m Ounces, and 8 Scnipfe of 

Wh^s^iuSd Race the great Muid is ordered to weigh 

; ; ' ■ 

*Hiejr have a fdnd .of X)fy Mec^ufe at Bdan^ ^ich they fhe^ cah 
P^HISON, «idwh!di1id% 13 Bdj^anx. 

B^/^ih^ have imo^ei^ w ^ey call a LOAD, it contains 

4 ini^lhibf fh^e IMds msdst kPipe, which is 600 15 of Jm- 

jt^danti f P^ or ^ Loads anfwcring exactly to the Jmjlerdam Laft 

IcaUan 

BRENT A or AMPHORA is properly a ufed by 

theRovitfaiat this'Ds^rh contains 96 and is divided into 13 J 

R^as Of Stmes pah of whi^ wei^ 10 15 , but thefc Pounds are of 30 
Ounces cadi." The BreiM is equal to 42 St^es of jhcpanrp, by which 
m^s if lUtiR Weigh 2 ^ 2 15 ^^^ 

EOCCALEconuim&zMeTssohoccale. 

' BARfLE,'BARIL or CASK hz^ufean Liqmd Mea^e, which 
holds 26 ffed^an Biktks which ihcy cdl Piajeo or Flasks 18 Stopes of 
jdkpwerp m2h& t Bnril which weighs 168 15 oi Antwerp. As for the 

Fiafeo 
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Fiafco or Flashy it weighs ^ tb, 6 Ounces» uid 3 Drams, or chereaboutt. 
Item, 3 Barib nakjt z St04Br^ 

ST AAR is a Meafure coutd^in^ 54 Stopef^£ .ArOvterp^ and therefore 
mnft weigh 324 tb. 

MGSTACHIO, or MOSTACIO is a Candian Meafure^ which 
holds 3 Stopes and i and weighs 22 } Ih. 

BOTTEL is another whkh hdd$34, 35tand fomedinet3S 

Mofiaciios. 

BOTTA is a Venetian Meajure of 38 MqfiacbtQs, which the^f alfo caSi 
Zech\ and in fomc Places Cantarii *ji> Mt^aclnoi make a Brema 
fbora. 

BIGONCIO or CONGIUS, is in the fome Place a Mea^e of 4 
garters. You mull have 1 8 Sf^f pf Jstperp to 6U a ^ifarter } it 
weighs 108 lb, and is eq^ td the '^he Bsgmcio « e^oal 

te> Sfe^ oi Jntwe^ 

SECCHlOi whi^^^^ qdled is 15 Stefes of Aa-- 

•werp; This is a part^larly tdedl^ on 

an IfihmdTnuie; but the preceding Meafure is in recpi^ amoo^ fiudi 
as are cc^tcqrned. in and whp cultiyate a Tranfmannc Cota- 

merce. 

AMPHORA, in the fame Country, is an QilMeafurei it is 4 Bigm^ 
cios Of Cengi/\ eath of them beii^ 4 ^garters. This Mee^ure is eqpal to 
2 BottaSy ai^ch Bptfa 

MtGLI ARID is a F&dfitre much in Vogue throqg^iODt all Itafy. 
At Venice it we%hs 1210 lb. ht Veram 1738 and is e^iial to B 
BrentaSi and ii As for the.Br^e |t is (£yi^ Baps. 

At Pavia the w^hs 2185 lb, whkh are equal to 831 fo 

of jlnt^erp. AzVimensutithsiSiXV^a. M Tervifi 

Beiides thefe Li^id MeafureSyWmt, been ^>eakU^ of^ thf^ hayeR^ 
otho’S, (vizd ^ 

Tlie MASTE|-L CAR A, CONSi, ipofwhichmaluaCkra 
oVTervifs. 

T^SAEM is a Meajure iaS^ in Pugba and CalaMa; it makes 10 
StaarSy each Staar 32 P^tateles or Ollulet. This Salm is equal to the 
French Filet y or to the half ^^crtal of France. It anlWa to 39 Stapes 
of Anhioerpy and commonly weighs 234. lb. 

Dr^ Meepirt of tbt jam 

QDADRANTAL \ Bmmi Maddiy the 8 Hemhuey the 

Hemina 2 Sextdrii. Tiu& ^gadrantaJ weighs 52 lb, and 8 Ounces^ of 
Anjlerdam Weight i Bo $ffa^antab madassg^ jbiperdam JLa/l. 

STAR is 2 Sea IX Pjaved ampo^ the Vet^iansyaod we%hs 

13 I IL and$ ; 32 Stars tsatS^ of Rye; 

but 14 ofthem oo^tum al^if 

Again; 




Oftbe^m 

Agftio} the AhC^STERrOAM LAS T is ei|uai tb So Stars o^Man^ 
/«a; to ^a ttfAfc^r to 102 of 

Vineeitzax t§ 3^i of Zomti^ytQ ifi of Ravtnm i anH to 29 of ^eroifa^ 
SA^ WiirWriie^mMeafi^ arc •- 

qoai to Xk^. is£i 4 ied hico 14 

J*i^f cadi ' 30 

€kmeeii i» o^icr^^lae^ll is ^vided or into s6^ S^ 

Jkrm PT ^ - 

• iaa^ ihb £^«r ^>nnc^y called 

^ may be csHed zBa^^ lliis is a 

l>rf^^Afe^£oN?i At tb dfe Veittt^ StOr^ 32 df 

dit^ beii% tq a ld^ c£ jh^rdam, 

cofthuns 6 and 




m Cy^ipr, & dMded into 2 

t£i^!^MeMmHi9Scts^sX 




16 Odim^, S^ert pt 

:|dINA or-'I^^Lt y~/' ^ ’ ‘ ' 

M j bat at Iv- 




Is^aiioA <^-^^coi^^ace a 

holds i6 Tnmadarh k tme^ 




C<Mlt^il^ 

k hfdlh ^dieissie abofeiisHKion^ 
ajLi In diosti 32 Corar ^ 



‘ -'''-Ckrpun' 

RH^TJIB holds 2 f FmAp. 

which are comoiffisfy 



Jh^Atra ioakp 

kff^, %Ji(x Amn imihe a CuUus, 




OHM 
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OHM or A ME, which the Latins called .Amphora^ holds 20 
^arts^ or 80 Meafures^ which, in the Language of the Country, are 
called Majfen j or z Urns, which they call Eimer. Thofe who have 
been at Cologne, Worms, Leipjkk, Francfort upon the Main, Ulm, Op- 
penheim, Mayance, Noremberg, Wirtzhurgh, or Vienna in Aujiria, may 
know this. But at Heidelberg, and at Spires^ they divide the Arne into 
12 ^arts, and the ^arf into 4 Meaftires or Kans, Moreover, at FaU 
kenheim and Durcheim they divide the Arne into 15 ^arts, of 4 Kans 
each. Then at Wirtemberg xhoy reckon 16 Innes in the Ame, each of 
which is 10 Kans. In Augsburgb 2 Modii or 12 Befontz make an Amez 
T o conclude ; in fome other Places they reckon 60, 64, and 72 Kans in 
the Ohm or Ame. 

EIMER, by the Latins Urna, at Noremberg, Wirtzburgb, and ge- 
nerally throughout all Franconia, is divided into 64 Kans-, at Vienna in 
Aujiria into 32 OEiaves, or 128 Seiltem-, at Sabone and Brixem 144 
Ka 7 is make an Urn or Eimer, and but 8 only conftirute a Parcede. 

The EIMER or URN in Mifnia, and generally throughout all 
High Germany, weighs 36 lb: But at Leipjick it is 40 lb; and is divided 
into 3 S tube c ken-, and again into 4 Cantres or Kans, or (as they like- 
wife have it) Maafs-, and each of thefe Kans are 2 Nojfels or ^arts. 
The NoJJel is 2 Pints or Hemina, which they call Halb Karter, and the 
Halb Karter is 2 fmall Meafures, which they call Mafslein, 

MAAS or KAN, as it is called by the High and lAm Dutch, and 
by the Latins Cantharus or Congius, is almoft of the fame Bignefs in all 
the Towns in High Germany. We have already faid enough of the Sub- 
divifions of thefe Meafures; let us now examine their Weight. In G^r- 
many the Pound is of two forts, the Menfural and Ponderal, as we have 
already obferved ; fo that at Leipjick 23 Menfural Ounces make but 26 | 
Ponderal Ounces ; but every where elfe in Mifnia 24 Menfural Ounces are 
equal to 20 Ounces Ponderal ; that is, they are to one another as 12 to 
10, or as 6 to 5, after the manner of the Antient Romans. This being 
laid down, the Ohms or Ames of Worms, Francfort, Ulm, Oppenheim, 
Cologne, Wirtembergh, Mayance, Heidelberg, Spires, Strasburg, Falken- 
heim, and Durcheim, containing 80 Congii or Kans, will be equal to the 
Antwerpian Ame, of 50 Stopes, which (each Stope being 6 B) weighs 
300 lb, and confequently the German Pot or Kan muft weigh 3 lb, 12 
Oun. of Antwerp. By this means we may readily come at the Weight of 
the Eimer or Urn, as well as at that of the Fuder, Rhutb, and fmaller 
Meafures, &c. 

Again; Kans Noremberg, Wirtzburgb, Franconia, Vienna, and 
Augsburgb, weigh 300 lb of Antwerp, and each of them apart weighs 
2 lb, 5 Oun. and 1 of the fame. 

The BEER TUNN of Lubeck is equal to Ame oi Antwerp, 
50 Stopes of Antwerp exadlly filling a Lubeck Hunn, 
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Dry Meafure $f the Peepk, 

' The LAST, as the Germans call it, or as thet Latins have it (from 
the Greek) Jcbane, is properly the Ladk^ of a Vcffidi or ^ip. 
At Hoftdtttrgh it is g each Of which contains ^o jt^dii, or 

Scb^ely as th^ call them: Now the Scb^el weighs 52 th, 9 Ounces^ 
12 ^g, ai)d 22 Gr. or thereafxiuts o£ ji^erdam\ and therefcsre a 
of 3 or go Scb^el ex Modify will weigh 4734 Ih, 3 Cum, 

} and 2S 6fr. 

Obierve here diat iAm tViJpel is eqt^ to 6 Jlntwerfian Ames* Ag^in, 
S3 Scbegil of Hamburgh are ecp^ to an Amfterdam Lafi* At R^ock 
and Lubecky 96 Seidel mdee their o^ Lafi i hut 85 of them are e^ui- 
vatent to the La^ gi AmfterdasrL At Stetin m Pomera^ f 2 Modii or 
Scb^el conftitote tl^ir own ^ ^ wla^ is equsd to diat of 
ftemhtm. r 

SCHIFFPFUNDT is a Sea Meajhv'e rmsf^ u&d l^thoie who 
bcmler upon the Geruum Oeeany and Bedtick Sea, It is prc^t^ly a co:** 
lain part the #hich emnes near to the Medimnus of the Ra- 
man^ or to the great MoiSmf or raihear to die: T'rimeeUmmm which we 
have ^ken of sdready. This is equal to the French Load, or the Sfa^ 
mfi GargOi os Garco With this thqr not <^y 

meafiire ah fists sL Gram alfo fiweral cdier Spccim of Goods. At 
k is dmied mtb m jd^fianity and we%hs 300 At Lu- 

heciy C^enhs^i mA Stockbohn, 20 Id^u/^ mako 2 ScUffffundty 
whl^ we%hr Ih. Bit 1 ih^ ^thcar here of the Weight 

and Chpadty of dm be eapl^U faeieafier) hi a 

LISPFUNBT is anAUqnotBm of die SAdj^uffdk^u may be &en 
above, and imp propedy ho esibe^^ Sm AtMarl^^ it 

weighs ik 16 h&rks, aid at 16 lb. 

MALTER MOLDER does not-diS^v^ nuich frosn the 
Schfjj^un^ m We^ht mid Capacity. It is a kind of Land Medinmfts, 
wMcb is u^anumg dieMercJmtst^ certain Towns in H^h Germany, 
For ^Ean^ej ibMj/kid It hedds id Modiiy each of which we%h 20 |b » 
thaefi>re die Matter we%hs 320 Ih in dut Places At Fienna and all 
over Auftria it Is M 32 MeSi whi^ they call Atebely or ^4 

Hdb Ate^hm^^^^ now that dm Modius weighs 21 15 

and 14 of and conic* 

quentfy d of thd& wo^ be eqoal toaL^ of AtCs^e 

dpem ihe lbEsne s8t8fr(ifi*f^ are equal to ^ fiune, ioppo- 

fii^eadi of themtow^|^233 S, 5 Offff. 6 and 2 i Grv 



Liquid: 
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Uqtad Medfiri rf the Low Cooncries. 

ROE 0 E k a wl^h anfwtfs to the hsU^Culeufc^ iSiitRmam. 

htikrfithiojhnes. 

The AME is lo Scbremt' tsii has fome Afiim^ with the Rtmum 
jimphera. 

The SCHRE WB is lo Sttpes $ Meafure docs not vary mudi 

The STOPS screes i^arly with the Cmgtus of the Edwins^ and holds 
2 Karnes OF Whfch^in^aaePlacss arc caHcd^^^ ^ 

m RAJWEi^ I%T, w MENGEI^ does luM gt^ 
ihe Pints, 

The TlNTA prc^jcrly called Bemna in Latins 

Tlwn lO Afi^sof Dorf ate 14 f of tho& of Anfwerfy of 50 Stopesi 
cadi 6 the RwdSr xjr^ l^^ Dart 

wSd^ we^ 44O& 1^ aoU cotyfeqfo^iPElythe jthoe mil wc^h 440 15 ; the 
Sihrea^ 4- Wy ^ Dussees^ B Kamse z Ih, 3 

Oiod^ 4 moAwdgh i snu! sz At^,Qi 

Tins RafdSr k 2 7 V««, each of diem containing 

500 Stapes qS D^, OF ^ if yow add 50 lb f<Mr che 

Wwght of die wifi, wl^ &ll ofWfe^ wei^h 2250 ib, 

and om&qpiimdy ^ Tens vl^w^h 45<m #; Hence it is that in load- 
a Sh^ di%;f(e^^ i2df to a Lt^ <^^i¥heat. 

nmft here <^lerve that xia^ -^fy^ei^iam tfisidi^^into Stap^i 

di^'^re k b^'314 ft,' 4 and 22 Gr.&t there- 

aka&ts^^^^^krp r ei^ wei^hi% 4 14 Qumu^ % Ang. and 

abcmt 10 Gr, M tht At 

MAima m h is 8# whcnde'lt a^^n that the 41^ 

c#diil^ is dnn Prijetand, aod dnit what they ^ a Pint 

02 JM^sSstes jkkt \siPriJHand i hut as to xUsn Jbme Ji£ Mor- 

Unn oF wdl as of Beifieduc and Bredoy 

dM!y are et^ m^e^ir Gapacit^ to the Ldknr tAAfttwerp: the 

The 

mto 48 Stapes \ at BA^dssc ktto 
^o; ox JLepdmy DHf; SrevertiFhfiinl^t Msd^khtrgbmTteAindt Ghe^t 
Bn^ In FkaAbr^ mA at it k #pded into 60 SHpes.- Again, 

S^j^hiltfyeieefp are equal to 54 of to 72 

otZinazety ahd On%4^0f NeupM and I ihall add to all this, 

that 14 f Asnes of BrugOy AGddi^tr^^ Trovers and Flujbing are equal 
to 16 Ames of Deert, 




Befides, 
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of^ diey have oae of 

another fort a Yefic^ or each of aa 

Sextanii ixJl^frSi e«^<^ v^ikh ii& t6S^e^es^ 

The T U N2^ of : B^r throt^haat aU conycahis 54 Antwerp 

Sttptsy hoc in Flanders 60, and fc^Ofttkaea (sd, Ftmmjh Biepes, As 
fyt thfi l^ci fW«8 ie is efaal m tbit cf Braias^, ezcejM^ diat o£Am~ 
»(|nhes 7 Bttp& o^ AnteBerp. As to tiu^ I &aU 
Gitct scof Body may ck> It 



3 ; ^ wh©i it B ii£ed tpi meaiins is 

c(gB|i>p^ of jB.^Jdtdk^r the call, eadi of 
; ttoesto dte ’^BseH&Sa^ ^Boo Ssi bet 

wh^;^cyjpfie«& ^ oath of are 

eqeil to^ihe aM a of 

yMw^}ik 4 SL^ 0 ^ ■ At the fiune place, they reckon 

ay , great in a £<^$ each of didc 

Ma^Afa contamsi4 - Bcltepeien ot 

^Jiels i ^ J^mio^ SeinpAen at Bt^bek, Again; diey 

competC:^/^^^ hi ^ «ach Sack<^t 3 OMa^s^ or AHkeBi^en^ 
ascl!^ ^ve Moreover, 

b F)d:i^r is i of the larger and broader of ^ 

fiifilie fon^iG^ a^Lafi of Eye; 18 7hi0»or Ye(^ 

^ ^ or die Aim thii^ 

make 3?W»<f Wi^ .biut a oi^ aremo 
honed oqoivateit to n Lefi of Eye ; becim& 2 o£ diem wei^ 4200 tb 
fm fopi^^^l^ Cariof Wine wdghs 

5^ ; % ^wms m ooa&qiiendly weigh 4000 Ih ; 

9 od ;3 pf Adi ^ JLye, I s^Nre%h 

4ac^ the Y^k dicDi^v^) 

oich cbataining^about 360 lb of Rye. But we mnft take no- 
tice disc 4o^^]^ always we^ alike ; and the Ase^er^ 

Wh^ 4800 ^, and 

u p(W ^ silod aX^ of Eye we%hs fomedmes 4200 tb, 

^ 4it hot 40^^^^^ Try aX^iof Badey, asd poa 

fi]ld.t^l^^it we^i^liut 3400 lb; end O^ wUl wog^ kfs $ Air whidk 

m^iaxae J^ai^ to lave a m^ capacious 
Ar Now Aace aec(»dii^ to the Oberva- 
FtmfimFemdsossxakA 13760 Grams of Wheat, 
w^E^ £pi]^ »- sblprains H^ber ^an t^An^erdem Founds thu latter 
wP dp^taip 13776 %and d^X^w^ui^ 48001b, wfli emainly con- 
nun 6|SU^^^^^d».iame Gf|^^ 15 i 7Vasojof 4 ^rr- 

fePoc Ei^^.eadtt coi^li^ a of ^eir^^^ hot A5 fFhfm 

T anlwer 
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allfwcr to ^Laft oS Amfitri&m, At Antwerp xht Lq^ is 32 ^arterSy 
and garter ji^BuJbeh, otMuckenSy as they call th^ ; thus 38 
ters arc equal to a Lq/i of Amfierdam. AtRotterdam 3 OBeroes or Eighths 
make a Sacky acd 38 SsKhsmiba^ the Lqfi tA that Place $ but 87 OBaves 

arc equivdent 1© 

The MJJDDE, or ^<at MODIUS, is dividol at Lotevain into 
8 final I cr Met^tsres, czHed Sa^er 1 13 of thefe lure equal to a Lqft of 
Amjkrdamy 2M arc sdfo 10 of 7 of Maeftrichty and 12 t of 
B&tjkduc, At Ghent the Mudde is divid^ mto 6 Sacksy the Sack into 
2 the He^er into 2 ^arferSy and the garter into 2 Muckens: 

Now 4 of thefeA^^ smd 7 Hebert nmke i t,qji of Amflerdam. Ac 
Bruges th^ call this an Hor/, which they divide into 4 Bujheby 

1^ Ba^A the into '2 Spintes : 17 J of thefe 

arc e3a^y ai2/i0^ of Amfierdam Lafl requires 17 4 

of theou At 12 MaAmres a Mudde, cAt^ RaAere anfwers 
to A RoAeres make a Lafi dicre: ^ain ; 

75 thefe certain great Meafure called Wnk, 

which k trd^ of In ihc»t, diey reckon 24 RoAeres to an 

AM^erAam Jas^^ Haces of lefe note m Flanders the 

Readers as divided inm 4 AwB into ^ Pints, and the Pint 

in^ 8 lb. At Lew^Aen mFn/tland the Mudde is 2 Lopen-, 36 of thefe 
^vnAa^ertdamtk^f AtWddlehufgh In Zealand the Mudde orgeat 
lh^ caU is compof^ which maybe 

o^ed d Rbm^eSy 41 i of which conftlnife a Lajl of that 
Place, and 40 c^ j^em anfi^ to diat d£ Amfierdam. At Dort the 
and 3 (which arc a kind of ScUj^fandt) 

am esaO^ dbc ^.4l5ler^^ 

ti^Ad Meafure* 

B£C 2 XA« inl.tfft» DOLlUMi a^ inEs^liJb aTUNN, ought (m 
dbdt P^^pofevln the Ydir 1565) to contain 72 
Cm^iy os JCms^ wid ButbyanOrderilTued 

oiit4^ieiw»^fe die¥d^ it is to contain but 62 Garmec. 

t^fI^IJNNyOrBeesr-Ve& contains iZoDantAckStopes. 

It has heen fefund ari^^ i 0 o of dmfe Stapes make but 81 of 

conclude, that die DantAck ^unn 
wei^ t#6 % cA AMmrp y asA weighs exadly 2 15 , 

It 4 As^^ id Antmsf % which they call 

lialh^ 1 Hby S ChoL jffid t2 Ang, Prtnn ^is we may infer that 

the JSp^m Ba^ and 16 Anglicks^ lefethan 

the Pot hsM^ape ci Jbitwetp. Befides diis j I know that the PoHfi 

G^raw oDSta^ of Liquor ^ dietefoie the Po- 

liJb^m A h^ Oar^ ea Cm^y is ^ABantAc Stapes Icfs than that of 
BaMAt i thai is> dttt ^ Dmom Tun attains more dian that of Po- 
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hmd by 28 of its own GirrwW. Let us now condode that the Polijb 
Garruec^ weighing 5 lb/6 B of Antwerp, docs not 

diffirr much from the Rmtm Ce/^tts, as wc have abmre ddGbribed it ; and 
1 firmly believe, diat diofe who firft the Peltjb Ganuec de> 

figned It ihould he equal to the RsrnM i But as dl fuhlunary 

Things are' ful:^ to Revoluthm and Yicifficude, as they pa& through a 
long SucceffioD of Years } it b no wesad^ that ^is Meafiire h^ varied 
a little fhMn its fiifif Ditnenfion^ and fiil^ed fbfne finaB l>imi&utioa. 
To coQc^cj fiiscc the PiUfo Ttmn tA 6 zGmd^w€k^f^^^iizO^ 
cet^ and" ifi Agtttirp, It. wilfbe to ^ W dm or to 

7 kiinnan ^ As to ^e WAgits <>f ^h^ Gtmttec^ vebkh the 

jPlD^i caU the f id b tt^si^ Kwarta>^arcktinf, 

it ne^e£ to ealaxigenpoa thed!^ has heen ikid. 

The of 13 lem 5 K^rholds i or 20 

reckoj^o^ dm L^’s hett difi^m»li% of diqni, it wiB he bat 
104 and Of 

^ ^^lAllDO is a J^^iSt^veiy W in that Country, and con- 

talib 20 

J)rp MtAptrc rftibe fime Nation* 

LAS^T, Of liASTE; kaMfidih:e imidiinwigue inPe&m^^i^ 
Pn/^fA, ciixumadjiiigait: Pnovinecs. It is 

i mBfi fe ^od y' by ;Mert^ubs Sea Trader and IDeakrs in In- 
land Cl^^nd'TVsyntri^^^^ not esdy medure all &ar £5 of 

'rOratlcaB 
of ^any dnx^ 




Jt 

* 13 ^ Adh^ Ttf , i^Pkch la 22 H usmu $ but 
^ p:, Aaitbr IS^ieaf and eahm'XjNDy^ the Le^ almoB; 
throughpdfliB‘Pdi!^m dh^ which they call Kar-^ 

^'rbiit it of y^ v«id^ Capacity, and very different 

We%hL X t^S^^Jimde, each of which 

cbntpib 4 eaUed Scb^el, each of 

whl^y:^ tsEoSSi^ Mn^u^ In the iame I^juse a 

JL^hfhfl^eat^^^ but ’dtb^d^^Msicse xnuB be allowed 

for b^mOOh heavier dian Rye % 

~ td It has however been olderved 



dud dmZlMbfr^Xa^ of ifyf 424^1^ id An^rdim, diou^ it 

w^ts of Pix ^PSci£0/i0uk migha 340 & 

of the other which b 

of a but 20 Idgfia^f wei^img each 16 ^ 

irof^y w^hhigal! odief CdthmodMes. ^^ain $ a Hbsf- 

»c 
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Liquid Mi^fiire ef fm^ Eftftero Nations, 

MATALl or lAA^T 9 ,Meafia^e in thc Ku^d^ of l*ums which 
holds 36 Rotules: It anfwers to aixnit ^ Antwrp Stopes i and 10 of 
them make an Amoi the &me Place. TJie MHt^i c&’Tripoljy and eve- 
ry wh^ el& in hdrheaj^ ll^U$, tnd k equal to 7 i Anes 

wrp ; from whence we ixay condid^v that eadr of them weighs 40 15 

ALMA is anfwers to i f Stope of 

Aatveerpi the LiqucH* conhuned in it weighs 10 lb of Antwerp, 

DORACH or DQRAO 0 a the Ara- 

hions'y it apjnoadiea |i^^ Am^m^a Bmntma, and is divided 

into 83^06^ ^ 

JOHEIN is divided \xax> 6 Kifiae AfiatSy which n&irly anfwer to 
the Coii^^ 

KIST or ASC AT into n Csr^'ns CHT Hmtna, as the Romans 
had it. 

CORBIN into 2 udach bear 1 (»ne Affinity to the Roman 

^uartariu 

KBLlATIf imo z ArJReSy which equal the RmanAce-^ 

C AFFUR ARRIVE into 2 Cuattmy or as the Rmam had k Cya^ 
thioxGi^, 

CUATUM into 4 Salgefitisy which are perfedly the Roman Ca- 
eUeasis ot Spmm, 

yobein amot^ft dhe ^AraUom U what die Cot^^us was amongft the 
Rommay and the Gneh c^led Jlina % it is 1 ^ St(pe of Antwerpy 
E^itAns iz'iA die Arne Btopes, 

ART ABA Is waMgyptian which jiffi anlwers to 18 Stapes 

oi Antwerp, 

COLLATHOM # die iinie Goniuliy Is t Antwerp Stapes of Li- 
quor. 

SUBITHA is an Mgyptian Mrq/hilf, Whk^ 0 equal to 5 1 Stapes o{ 
the aforemcndoned Place. 

D ADIX is 4 of 

COPHINUS is 3 of the fame. 

CHi^N jX of d« Egyptians and the Antwerj^an Stope are exadly 

The MARESjmd PONTES arc but i of the Antwerp S^, 



Dry 
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Dry Mtafure of the fame People, 

METRETES «>r METRETA is 2i Meafure at this Day «fcd aU 
over Grteee^ it coocuns : 45 of diefe make a Laftt ia that 

CcHUoy i hat ^ require 

Thft or ATR ABA is divided into 25 Ca^ 

fHia m Jlrta 6 ^m»kia 

an Ao^etdarn^im^ Tha J^^an is dhrided into 5 

rhhm w h^40 Qkatdm^ <»r int04Bo Imom os ImSy or 

(if yoii 4^ ^gyptiax 

TOPIK or TOBIUM in the Rme O>^try conmns 10 Chemces i 
S 3 dioOril^ 

CAPHiCi h iL Mee^e in Barharf which ot^ht to contain 20 
^of the& zA jhi^rddtk Bafo. 

oil€)^RA^%^ juft now 

nimtks!^^ Th^ div^ 

ah AmferigmLaJle. 

ha^ I dxs/at i^th Iti^at^ to fay i^ce^mg d« Mw- 

fitrn ^ which if flicat of the Reader’s Ei^iedation, 

l am hdt u^ conceive thm this ESay 

wifi not te entheiy wit^^i^ oS Rvour, if itbe diily cm^dered, dim 
M Ilf j h^ve heeh u^t»:ed to it no 

e^fyrMrcimrkmz^ 
hi dih Mider» as m im 





C H A P. 



Of Lim^ Meafitreg or the Menfm^ation of Space. 



1 Shall now^ ^!occcd 0 inftruft y^ in the nature irf* fcveral forts of 
IhaR c^n mention in the Seqoelof this Work, 
when wh ^K^oC #e Lines and Sm&es j- ib that a 

KidWtiad^ as to what ctmeoni this ftnt rA^^^aftCre will be 
sl^?|gldynec^^i We wfti widi die-leaR%f them^ a»l go <»i 
ih j^ fii^ C^^ and hii^ed^ aahas ^wa hjt Geme^ 

9A& QoeSL caB thmn.^ the very Nimes dii^ have given them. 
Ahd^^i" 

A Pf^hJOER, as by the Gervww, Er^U/b^ Dutch and 

^ Edkc\ 1^ theLaafinx, Digitus^ and ly the iffir- 

Esiafh^ h one iidO each c^er: Now 

- the 
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the Barleycorn is iubdivlded into 5 Pop^ Seeds, and this is the fmalleil 
Meajw^e that can he ai%B^ Merjemus contradids 

this, and fays, he £3111:^ that the Seed of a Red Poppy is larger than that 
e^ isit Wldtot He fiudiei^£^ jditat 2 Gft^ Of Mtfietrdr^Seei touchu^ 
one anod^, are eqi^ JJm t& ^^ Premh Imb i to which alfo 3 
Grains of Rad Po^ Seed, ajid 4 ^fPldee, u^ eip»l. Hie again cells us, 
that a heara the feme Pfc^r- 

, ti(m tcr 4 ^db^bt^drS^, m x From 'v^bence we 

alisw, thata all Sc^ds, iince itsDi- 

axx^e^ is i is a Grain of WHte 

Pop^ Seed. .Aa^^fthe G ^^xne jA^thor 

that r^ef di^ pia^ is a Right Lin^ and couching one another, take 
the Spacet^ it Letusl^iice coikhide» diat 

thefe Grains of Sand, in their utmc^ Tentu^ c»'Finei:%ef% are tl^ 
we ean 

Ti»UNlQA,JiKCiJi Qt DIGITUS MAJOR, caUed the 
Oemtam^ Zol. m L^igth 4. Barbycohis, and is 

diei^K««:hdwidBdii^ 

Thc-SMAi«J«# A^l^^ Oreei^ JDorof^ and by the Germans, 

QUgltt to bo Fingers or D/- 

gtesilsQad.r' : 

The X^uigth the Hboid is wlntt the GrerAr call^ it is 

wr^ly 

The GR.EAT-PAUM, SFITHA^^ by the Greeh, lycbas, 
by dieJie^ifeia% P^Pia^ 

a^by t2,,f>i^s, <x p Vncux oar Irtchesz 

^\a&Meafitre ^ j9i9w the Extremities 

tbeStbun^ miUtik Mager, neim^etcbed out to the utmofi Mxte^ 

. 

The FOOT, by ^ Gi^awnf, and by the Po/er, 

St^, oi^ht to be 4 (»: i6 M}tg^s, jod 12 Unci/e or Inches. Con- 

cemif^ die Dtv^OQ of d^ Foo^ PinUmder,. one of the C(»ainKntators 
upon^rmMnlh^ma^MIclkrwit^ 

indBo^ i^olz*) O^meUa, Frootinus, Iddoms, ^ fime others, d^ered 
JrmnXfbps^^ tf ^ Feott fir aU, except tUs jittbor, 

noerefxt betwiigtt^^d^fi^^ B^^ 16 D^its; 

hut^tbkJOp^^jBmJ^ andJrri^tdarttJ^ wbofiucF 

/« et ^erylnt^er (y^k 

thayemyi^y €efied js%dl * omaf ’oddcbvmcj^ed ^ 

Q^icuisci: m^to top»^, vdnchces^tstted tbebFh 

or Foot But mtr GeomMcians having cmfdered, that the UacisB atht 
fioered former msdajftmed the fatter i and 

indeed if vx fiaOfnd that g Inches jneie 4 

Fh^^ Qifi^hmki ^ktd mth r^e^d to the Remarkin 

Frontinus’.f 







FroadfltttV BtfAl^ Aqnec^^ vkerr be mentiom tvjd firts <f the h»ht 
th Reund IikA MdRfu^e€«&, and that the Sjntnch Inch is lejs 
tkai the if three of ks tmm Ekventbs; ami that the Square is 

b^^ tktn the Rst^ mei by three f its Fmrteenik. This is Pldlandei^^ 
Of^ion ^3^ £>hrMion of the JSoiMrm 

Wh^I ^ the Roman Root ia eiS. Tertous 

Iicf^fh ii» d^lsentl^utB ef the^W In ibmePfaKxs it is of two 
forts ; ts fer E^iiay^l^ that ^ere are two forts of iua 

^ Town or QvU Fm^ which ihef 

can and the Media- 

iiidt cir w^ifo oatt is hot 1 1 of 

^ divkfod imo X 2 equal Parts, 

w^b^ iili^ loTimtainQ^ of whkfo the 

^ dm this great &eqUaii^ of 

h£yi^%otnd' «d cDhi^ ¥s in a great ma^ <^ oia^O|»^- 
I tiad ^foi^[«^aiDd^of die Pe^ oi §B ihatasik &r 

maeb Pfonrhieoi aeii 4^kie2>lh ^ Wod4^^ to 0 ^ diat was d^EUuned^ 





78 Of the Great Art <f Artillert. 

lihail to this add wbiLt has been remarked of ^the Old Foet^ 

namely, that k be^i% fuch Prpporti<m to that of Rytdand as 975 does to 
1000. I mean that Roman Foot, the half of wh^c Dimenfions wc find 
in Philander^ the Int«prcter of, and Commentator upon, Vitruvius, in 
his Book III. Chap. III. which, he fays, was taken firom an Antiquo 
Marble, ftill to be fecit at Rome in the Gardens o£ At^elus Cohtias, 
and anfwei^ pretty wdl to that which was found on > the Monur 
ment of whi^ having been a little whke ago 

difeovcred by (one of tte bcft Architcds belonging 

to the Pope) vm thmugh his M«ms; removed to the Vatican Garden. 

Morfsover ehferves in the Margin of his firft Bo(^ of Mea^ 

diitt arc two di6i]xnt loru of hfc^urc the Okl 

ihdilFQOtT one of which he fays was taken. from the <dd Walls 
Giq»it^;i^d is carefiiUy preferved m the Lilmtry at Parish This 
(as f l^Weoften tr^) wl%n doidded does nc^ s^ree with die whole 
whkh given us^ ly nearly 4, md i% |s or 

l^don tl^ RynhmkFmiti ai:d thus this Foc« is to tl^ p'aor aa 

950 ia tb iooo. I hitve fender ohferved, that this JRbsr of the CapkoI 
k<auS^die£mie wkh thaarlof^ (c^ which 1 ^ve a very nice 
Poot k Mkewke ufed in Uthtania, We find anotbtar 
Mcafine of the Ifedf Fom, which is takm notice of by Merfamm, and 
v^txadtiViM^eaUm£Kf% he xockiFttssxt Ctmgi^ IheMear 

feire oi ikei RjSman Foot which PA/ 4 md?r has given us, exceeds the 
double of this kft^ md its i^i^rtion to Hdt Rynhnd Foot is as 

969 to IQOO. ^ a^idn in the feme Place, that the 

Royal Foot ^ hidf of whidi he alfo gives us) 

exceeds the Ryt^md ^et by 6 Lines, or l an Inch. But having myW 
appli^ the double of this Mmfeire to the Rynland Foot, I found that 
the fixtmer exceed the latter by d^r} dteTrfore according to my Obfer- 
vation the French FoU is to oiR^nl^d, 9s 1050 is to 1000. But 
we have ^ eimi^ ^ die Vvt, jaroceed we imw to luch Meafures as 
are hggar and mmc eenficteralde.^ 

The PALMI-PIS of die X«ri«#, and the PENTADORON 
and PIGON of theGr/eh, whidi wc will. call tb« PALM-FOOT 
fecan the firfe of dvmi, k a Mcafijrc diattakes in tbe let^th of 20 PSrn- 
gers, or Di^s j that is a Pdm and a and is to be taken feom the 
Pytr emity ^^E^t^tothatof the When dofed, or thePift 

The Hebrews, dmmach^ hy tStasHermam, em or 

Vlbogen, usA by ii:^Poks, Lokiec, is 24 Ffegferr, or 6 Pabns, or i » 
Foot, or 18 Uruia. This Meafiire is taken feom the l^diemity of the 
i^bowto dun die middle Finger. In md Egypt, the Geome- 
trical EH is 6 of ours. The E.^Ujb EMh 3 Feet, 9 XJneia or Inches. 

But dKre being ib g^eat a Variety in the Let^di of the Ell iq di&r- 
ent Places, as welt as m that of the F^\ 1 here ihall give you the Re- 
dudion of it to the Rpaland Foot, as we have borrowed it feom die 
sdwvcmentioncd Matthias Dogen, If 
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- 2196 

- 2210 

- 1842 

- 1326 

- 1846 

- 1760 

- 1842 

- 2187 

- 1842 

- 2904 

- 2 ior 
“ 2105 

- '219 0 

- 1768 

- 1768 

- 2500 

- 2662 

To this I fhall ful^tn, from MerfenmiSy that the Paris £// contains 
j eon£e<|!Siemly it will bear fuch Proportion 

to &Lt Ry^^((^Po 6 i (according to otir Obiervations) as 3806 and 
does to roDO. ^t, accoidihg to ih^<or) it is as 3824 to 1000, or thcrc- 
' h 2 and this iii/ (if our Ob&rvationa 

are right) is to die PjiAand Foot as 1900 is to 1000. 

"^ BeMes #Ss>^ that the JBroccw or Brace o( Flo- 

IsftiU^ j^^'bears hidi^^P to the French Foot 

to 24^ ^ xmkes it 1 Foet^ 4 

Inches, mid 3 lAnts,, mcordh^ to the Gapitdine Meaiiire bcforc- 
xiitM%fon d«' ' 

"S whkh Gre^usy^e^, or Pafus Sim- 

fiex, {tst Gennam ein Ei^a^^ Sdnnt, Sta^ ^reie, 

osA ^ P^s Erek, ot^t to be 2 I long. 

; iRbc PA©^«%^ich the Gemam tmder^bnd by the Words ein Dop- 
pelter Schrit^ is cxaftly 5 F«/. 

'sdikh the Germans call ein Klafter, 
ihePec^^df ^I^Comtfm ^ Vademe, and the P(des Zas^, ought 
^ an excdlent Arthite^ would 

hi^ #i»lioiiifi^ddl^ 

^^ Thr w winch the cdlcd -K«ro «-4 h 

A ^ H contains 8 

and 14 ^aecor^c^td iskst BaHo between the Capitplinc 
^d i®»t of which (aahe &ys) h as 130 h m 144» <^ as j 5 ^ is 

to 7^» 6*^ ihe^sfeiuts^ 

The PERISM or RODD, of io J 5 «/i which, anaongft the G 5 rr- 
mam, is mlled ein Mefs-ruhte, or Stonge, hy lAtc Fkmmings. ten Boede, 
S4]d ^ the Poles Prentf was formerly divided into 10 Feet by the An- 
i iv cient 
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(of Antwerp — ■ — 

tof Dantzick - — 



of Places 

would contain fuch aK ' 

iMhS T»- of 



Of Flor ence ----- — - 

Of Franc fort upon Main - - 
tM Hammrgb - ------ 

Of Leyden - - - — - - _ - 
OilAiheck - - - -- — - - 
Ctf London - 

Oi Middleburgf - - - - - - 

OiNoreti^erg 

Of Oudewater ------- 

Of Re^l f - - - 

Of Rtga - - - - - - - - - 

OilSedo 

?I1ie Fara of Lisbon — - - 
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cicnt Romans } from whence they gave it the Name of Decempeda\ up- 
on which Account it vm that Cicero^ Prince of Orators vrho knew 
fo well how to adapt fignificant Terms upon all Occafions, call«l thole 
Geometrtaans of his time tteit ufed ^is Meafure Decempedatorts. Its 
Len^ Is varied in&hely at pfefent : As for in the Jm 

Counfries the Rbynlandk RefcbM 12 Riyaland Feet y but to render the 
Calculation of this Meafire tafy, imd as ruuch as poffiUe to avoki Fra- 
dions, id^Gemetriciam have divu^ it into 10 equal J^rts, which 
they ad! Feet^ each of whidh are fthdivided into 10 Vndee* In FoUmd 
and Frujia the Tereh is 15 Feet^ or 7 { of their EtU^ this is what they 
call but cmnmonfy I’rnu', or^^ i^ Chefmiemka* In the 

Tefritc»7 of NorMerg it is x6 Feef, In the Marquilate of Branden- 
burg 12 Feet. In Fr ame {psxx/e^^ xxa Merjerm^ 

Perck In the Territoty t^Obenf 14 Feet, but every where dfe in Flas^ 
ders it is 20 Feet. There likewife docs die Fear vary, imdinuch as in 
Ibme Places it is zo, and inoduns but 1 x Uncia, In England the Perch 
h 16 % Feet, axiAm Ireland 1%. 

Tltt CORI> or CHAIN is a kind ^Meafure well known in moft 
CG yn tr io ^ attffMJwhat AeX<^^ Fums Chorda and Catena > the 
Germam d^it em ScJbtsa^vsAKette : is whsu the Fawaiw ^umer- 

meant \sy ^ Araf^tdmm j the FaAfr call it Sznur imd Wenjysh, with 
whom it is 10 Percies Bat its Lo^th is not always the &me atnen^ 
Surveyors. 

The STADIUM ta FURLONG, and the MU, RoJeMuff esS 
the Germans, and of the Pdes, h in Lei^^ 125 Gme^rical Pa- 
ces, 0x62^ Fr^r AmQ%iheGf«eh i2g Paces,aaiYna 

ttpeFlytka^ienhaaafaFn^ 

Ihe DI AULUS was douNe of the Stadium, it being 250 Paces, 
The HiPPfCUM was 4 Stodta ca goo Paces: Thk waspro|ierly 
^MeofttreeflmHufiRmeyOel^teabi^, 

The DOLICHUS wsMt 12 

Tlie SCHMKOS^ but in fome Places 40^ and in 

tubers but 20 only. 

The MILR isa ti^ lmdwh toall the Europeans, andis de- 
rived i&cmi die Word Thcai&i^ the Flsmm MiU beii% al- 

ways cmiipofed of 1060 Poem: But dtk Mtafitrt iNayix^ ii^ Dinmifimu 
in die d^^idn Plaott it is ufed^ I iune hem hi^armd a^^^ 

on of Inch i^ii^ m the 1^^ ;m feverri C^mitries^ and 

whadi bear any A^&ilty to the hfiiei dm you imy tridt the nxore Bafe 
and <^p^ dii^h^ of <me Coamry with dm of } 

and that you widk wba^ Gngr^aydrtrde- 

termne Ac DiAsunse of Place t Thdc arc reduced to ^^BipAmed Foofi 
(which we hem own m eqdd to the the wh<de aeoordk^ to 
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MILES. 


FEET. 


Of ^gypt. 


- - 25,000 called Sebanos. 


Of England. - 


- - 5.454 


Of Burgundy. - 


- - 18,000 


Of Flanders. - 


- - 20,000 


Of France. - - 


- - 15,750 called Lieiie or 1 




C 20,000 the Lcflcr. 


Of Germany. - 


- 22,500 the Mean, 




Q 25,000 the Greateri 


Holland. - 


- - 24,000 


Of Swijferland. 


- - 26,666 


Of Spain. - - 


- - 21,270 called 


Of the Hirarian 


Way. 15,000 


Of Italy. - - 


- - 5.000 


Of Lithuania. 


- - 28,500 called Mila. 


Of Mofeovy. 


- - 3,750 called 


Of Poland. 


- - 19,850 called alfoM/4;. 


Of Perjia. - - 


- - 18,750 called 


Of Scotland. - 


- - 6,000 


Of Sweden. 


“ 30,000 



I ihall now hailen to a Conclufion of this Book, omitting feveral o- 
ther kinds of Meajiire ufed in furveying Land, in which the Surveyors 
are governed by the Cuftom of the Country where they are employed, 
and which the Pyrotechnician has nothing to do with. I (hall only add 
that the Polijh Acre (which the Poles call Lan Role, the Germans, Mor- 
gefi and Jauchart, and the Flemmings, een Bunder-Landts) is the Breadth 
of one of their or lo Perches oi 15 Feet or 1^0 Feet', its 

Length is thrice its Breadth, or 3 Chains, or 30 Perches, which are 450 
Feet, Moreover this fame Acre contains 67500 Square Feet. From 
whence it appears, that the Polijh Acre is bigger than the Old Roman 
one, which they called a double Square or ABus, which was but 120 
Feet Broad and 240 in Length, and confequently contained but 2880 
Square Feet. The Old Roman and PoUp Feet are equal, as I have al- 
ready (hewn. 

Again; let us add that 30 Square Acres of Lithuania and Warfovia^ 
conftitute a certain Meafure or Portion of Ground which the Latins cal- 
led Manjio and Modus Agri, that is, a Day’s Journey, and Form of a 
Field ; and which is commonly called by the People of thofe Countries 
Wloka, and is the fame that the Germans mean by Hube or Hufe. Now 
the Breadth of this Plot of Ground is always 4500 Feet, or 30 Chains, or 
300 Polip Perches, and its Breadth is the Length of 3 Chains or 30 
Perches, or 450 Feet-, and the whole Area of it contains 2025000 
Square Feet. 



Y 



Agamj 
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Again j in W arfovia they divide the Breadth of the Acre into 2 Zagoti 
Liras (as they them) each of which is 75 Feet Broad. Thofe who 
would know more of this may confult the Surveyors of Land, and fuch 
Geometricians as have more to do with it than L 

To conclude; You will have the true and exaFiMeafiifeo^ the Fhyn~ 
land Footy as well as of all thofe reduced to it, in our univerfal Pyroteeb- 
nical Inftrument, the Form and Ufe of which I Ihall give in the fecond 
Part of our Artillery, Proceed we now from the Theory to the PraiHce 
of our PyroteebnieSy and fet oiwfelves to work, fince this Book has lb 
plentifully iumilhed us with the necelTary Tools. Att^d then to what 
Allows. 
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Cmcerning the things >u)hich are commonly itfed 
in P)^otechnicS} or Artificial Ftrennorks. 



CHAP. I. 

Of the Origin of Saltpeter: its Nature and Operations, 

T is moft certain that feveral learned Pcrfons, and 
fuch as were verfed in Natural Philofophy in the early 
Ages of the World, were well acquainted with the 
Nature of Saltpeter and Salnitre. For a Proof of 
this we need only confult the Sacred Writers, by 
whom we Ihall find it particularly mentioned, as may 
be feen in the * Fifth Book of Mojes, Chap. xxix. 
We fliall likewife find it largely treated of by feveral Prophane Authors, 
of which Number is Pliny ^ who fays a great many Things of it. 

Lib, 

* Deateronomy xxix. ver. 13. And that the whole land thereof is Brimfione and Salt and 
Buminjg., and that it is not fown^ nor bearethy nor any grafs growetb therein,^ like the over- 
throw of Sodom and Gomorrah^ Admab and Zeboim^ which the Lord overthrew in his Anger 
and in hit Wrath. 
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Lib. xxxL Cap.vii. and x. as does likewife Fiiruvius, Lib. vii. Cap. xi. 
Arijiotky Seneca^ and Diofcorides Lib. v. Cap, cxxii. Philojlratus in 
the Life of Apollonius Lyatieus’, together with a prodigious Number 
of others too tedious to enumerate, from whom the Truth of this Af- 
fertion may be proved, namely, that the Andehts were ac(Juainted v/ith 
the Properties of Saltpeter. What I have to fay upon this Head is, 
that there are Ibme Modems who are firmly of opinion, that the Salt- 
peter ufed by the Pyrotechmeians in our Days, is widely diiferent in 
Form an.d Virtue from the Nitre, of the Ancients, and confeqoently will 
have it, that ours is a new Invention, or a Difedvery of very late Date, 
purely calculated for the Service of Cannon. Thofe who entertain this 
Opinion are thus far fupported by Reafon j that we are afllired by feveral 
That the Ancients knew of but one kind of Nitre, (•uizi) the Mineral or 
Fofill fort, which was naturally formed without any human Art, in 
Places' firom whence they took it: And this they divided into four diffe- 
rent forts, namely, Armenian, the African (from whence the Afro- 
nitre whkh Aoicen calls Bauracb in Arabick) the Roman, and the Egyp- 
tian', and was called Nitre from a certain Region in Egypt, where it 
was found in great abundance. Serapion moreover relates that the Mines 
which produced Nitre, were perfedlly like thofe of common Salt, in 
which running V/ater is congealed and condenfed, and that it was 
CO more nor lefs than a mcer Stone, from whence it got the Name of 
Saltpeter or Stone Salt. He adds again, that Nitre was of feveral Co- 
lours, as white, red, ruddy, livid, or lead Colour, and of every other 
Tin^hire k was capable of: Furthermore, the Conftrudiion or Form of 
it was various ; for ibme of it was porous and fpongey ; and fome of it 
on the contrary, was more clofely compaded, folid, bright, tranfpa- 
jrent, brittle, glittering with fmall Sparkles, and crumbled with handling. 
From thejfe Accidents they jutted of its Virtue and natural Force, the 
one being much more powerful than the other in its Operations. This 
is what I have been able to colled, from the Teftimony of the bell re- 
ceived Authors, concerning the Mineral Nitre ; amongft whom I do 
not find the leaft mention made of the Artificial Nitre now ufed by 
us, and which we properly call Saltpeter, Salnitre, orHalinitrc. But 
whether this Ancient Nitre is entirely loft to us (which however Sca- 
liger denies, Exoter in a Difpute with Cardan concerning Subtility, 
Lib. XV. Exercit. 104. 15. befides its being commonly fold in j^a and in 
Egypt, and according to John Pardo in a fmall Town in the Hertrurian 
Field, called the Valley of El/a, where it is found in great Plenty) or 
whether it does not reach us, it is difficult to pafs any certain Judgment 
concerning it, or to diftinguifti between the one and the other, I mean 
between the Old and the New, though you ftiould compare the Virtue 
and Qi^lities of the one with the Effeds of the other. Neverthelefs 
the learned Sealiger ftrenuoufly maintains, in the Place I have already 
quoted, that this Ancient Nitre (if any ©f it is remaining) is not very 

difierent 
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different from our Saltpeter, particularly if we confider it as to the Fitie- 
nefs of its Parts which arc very fubtile and aerial. I fhall here infert the 
following Words from him, bccaufe they will not a Kttlc contribute to 
the Proof of this Matter, For as fome Salt is Fojjil^ fame extradled from 
Sea Water, fonte from Springs, and fome from Ajhes\ or as Glafs is pro- 
duced from Stone or Flinty fo likewife may a Salt be naturally generated 
from Nitre j and accordingly it fprings out in Caverns, as we are told by 
Pliny, ^hat which Jhoois out of the Surface is commonly concreted in the 
Form of Salt by the Heat of the Sun, But Saltpeter is fo far from being a 
Fojfl Salt, as its parts are more fubtile, than the parts of either that or 
Nitre ; for both Salt and Nitre are not fo univerfally confumed by Fire, 
but that fome Dregs remain after their Combufion j but Saltpeter is en- 
tirely abforbed by it. Wherefore the Fojfil Salt is more tetrefrious or earthy 
than the Nitre of the -f* Nitraria, and this Nitre than that which fprings out 
in Caverns. This Cavernous Salt is Hie a very fine Flower : But on the 
contrary mufi not this be more earthy than that, becaufe it is lefs aerial? 
And that more aerial than this, becaufe it is more refined in the Nitrariae 
than in Caverns ? The finefi Particles of that which Jhoots out of the Sur- 
face are exhaled by the Sun j but in Caverns it is quite otherwife. Mufi 
not therefore the Cavernous Salt be more crafs or grofs, becaufe it is lefs ire- 
fined ? fufi as green Fruits are more crude, than thofe that are ripened, 
and have imbibed the Sun-beams. The Fofjil is more grofs than the Sea 
Salt, as well on account of its Coblion or Preparation, as of its Subfiance. 
This is too Aqueous, and that is too Terrefirious j and neither of them fo fub- 
tile as Saltpeter. There is a Moifiure that is in fome degree natural to Ni- 
tre J but as it is a kind of fubtile Scum, it is entirely devoured by Fire. 
And even as that Camphire which burfis through the Rind or Bark of the 
Tree is preferable to that which is untimely taken out of the Matrix where 
it is formed ; fo that Nitre which firings out of the Surface is the befiz 
That indeed which is generated in Furrows in the Clefts of Caverns is finer, 
if we corfider it purely as to its Parts ; but if you will make an Allowance 
for the Operation of the Sun-beams it mufi be lefs pure. That which ad- 
heres to Rocks where it is dried up, (from whence it is called Saltpeter J 
bears a great Analogy and Likenefi in Nature to Nitre itfelf, but it is more 
Aerial, and rather inclining to the old kind of Afronitre j for we have fre^ 
quently obferved a kind of Lufire of a glimmering Purple in the Shivers of 
Saltpeter. 

Thus by the Arguments of this great Man We? fee, that there is as 
much difference between Nitre and Saltpeter, as there is between a per- 
fe^ and an imperfect Mineral ; between one that is pure and refined, and 
one that is rude and grofs ; between what is fubtile and aerial, and what 
is earthy and crafs $ in fhort, as much as is between a Spirit and a Body. 
We may then conclude that Saltpeter is the nobleft kind of Nitre. That 
Ae fort in ufc with us, was not well known to the Ancients we fhall 

Z call 

By Nitrart* you arc to miderftand a Place where Nitre is refined or perfefted either by 
the Swi or by Fin, 
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call Pliny to wimefs, not to mention fevcral others who would do the 
fame : For he openly and plainly calls that Salt which was naturally 

formed, on the Surface of Rocks, and in Caverns and deep Cavities of 
the Earth, the Firmer and Scum of Nitre, and Saltpeter or Stone Salt : 
A little of this is ftill found in fomc Places, and in others none at all : It 
is generally met with upon old Walls and Ruins which are expofed to the 
Wet j but particularly in Cellars and Vaults, where Wine is kept, and 
in many other fubterraneous Places which are cool and damp : It near- 
ly rcfembles white Froft, or pure Flower, or fine Sugar, and is as white 
os Snow : The Virtue of this is very confiderable, as I mylelf have fomc- 
times experimented. If you would prepare this Salt by the Rules of our 
Art, k mull be granulated into fmall Corns, and you will fee how ex-- 
a<9:ly it will alTume the Form of the ancient Nitre which Pliny fpeaks 
of, and which Smliger deferibes above. But as it has been impoffiblc 
to get fufficient Qimntities of this, to anfwer the continual Demand 
there has been of it, for the Service of lb many Wars, which have been in 
Agitation for fo long a time paft j and preyed upon the fineft Inheritan- 
ces of Princes, and walled before our Eyes, the greatcll part of the moll 
powerful Empires, and moll noble States of the Univerfe ; Men have 
been obliged to feek out a new fort, to lupply the Defeat of the Old; 
which being with much Labour and Indullry taken from the Bowels of 
the Earth, it is purified, and walked feveral times, in order to feparate 
all terrellrious and grofs Particles from it, and to divell it of its native 
Crudity. In Ihort, it is cleanfed, and brought to fuch a Degree of Per- 
feaion, that it yields neither in Form nor Virtue to the Saltpeter ofP//* 
nor even to that of Scaiiger, 

Therefore if I may have leave to declare my Sentiment as to this Point, 
I lhall (to remove all manner of doubt) infill upon it, that Scaliger meant 
no other Saltpeter, or Salt condenfed into a llony Confillence, than that 
whofe Ule, artificial Preparation, Origin, &c. is familiarly known to 
us, and which we lhall fufficiently treat of in Ibme of the Chapters of 
this Book. It is not a fufficient Objedlion againll us to fay, that our Salt 
does not grow naturally and of its own accord, like that of Pliny which 
fprings out of the Surface of Rocks, and fills up the Clefts of Caverns, and 
the Apertures and Crevifes of old Buildings, where it is condenled, con- 
creted, or petrified in little Furrows ; for as Art is the very Ape of Na- 
ture, and fince Ihe imitates her in every thing Ihe is capable of; it mull 
not be thought llrangc if we with a little of her Affillance, and a large 
Portion of our own Indullry, attain to the Perfcdlion of her Produdli- 
ons, and (if I may fo fay) exceed by far her moll perfect and elaborate 
Works. Do we not fee a vail Number of Mallerly Performances exhi- 
bited by excellent Artills, after a long and affiduous Labour, which can- 
not poflibly be imitated by Nature, though Ihe were to exert her Power 
to the utmoll ? We may then conclude that our Pyrotechnic Salt^ which 
bears down all before it, and forces its way every where, is very like the 

Salt- 
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Saltpeter of the Ancients^ or in a Word, that they do not in the leaft 
differ from one another. For if fo it be, that the Nitre of the Ancients 
was or is a Foffil, I am inclined to think it was much of the fame Na- 
ture with the Matter or Earth from whence we extradl our Saltpeter ; 
which if it be prepared according to our following Method, I may ven- 
ture to affirm, that it will in every refped correfpond with the natural 
Saltpeter, and by repeated Purgations, may become more pure and ex- 
quifite. In redfifying common Salt, and refining of Sugar, they are al- 
ways fineft after the laft Operation. But notwidiftanding what I have 
been faying I fliall prove by a plain Argument, that the Opinion of thofe 
who believe our Pyrotechnic Salt to have been newly invented, is not 
only abfurd but falfe likcwife ; inafinuch as feveral creditable Authors fo 
highly and often commend the Inventor of Gun-powder y but fome- 
times fpeaking of him in another Strain they load him with a thoufand 
Maledidtions, and deleft his pernicious and abominable Invention : It is 
not that they accufe him of having dilcovered a kind of Saltpeter till 
then unknown, for the Ruin and Extirpation of Mankind j but of hav- 
ing hit upon a Compolition of certain Qualities of Nkre, (which was 
then commonly known) Sulphur and Charcoal mixed together, and of 
having introduced thofe thundering Engines of War, which they called 
CannonSy and what is worfe, of having handed this deftrudlive Inventi- 
on down to Pofterity. I however agree and believe, that Saltpeter was 
never ufed in the Compolition of Artificial Fire-works^ before our Gun- 
powder was found out j but in procefs of time, and as our Days en- 
creafe in Experience, as well as in Number, People with Aftonifliment 
obferved the ftrange Properties and horrible Effedls of Gun-powder (of 
which Saltpeter may be properly called the very Soul) and perceiving 
that Fire diffipated and confumed it fo univerfally, and feemed to devour 
it with more Greedinefs than any other Matter whatfoever, they took it 
into their Heads, to ufe it in making Artificial Fire-workSy and fo have 
continued to do to this Day. That which Nicetas Choniates^ and Jo- 
hannes Zonoras relate concerning the Grecian Fire which was invented 
before the Reign of Conjlantine Pogonatos Emperour of GreecCy is not ve- 
ry repugnant to our Opinion : But there are thofe who affure us (though 
they are not much credited) that Marcus Gracchus was the Author of it, 
and to whom they attribute two forts of it, which we ftiall fpeak of in 
another place, juft as we find them taken Notice of in fome Arabick 
Books, which are the fame with thofe mentioned hyScaliger in his Exer- 
cit, CXXXIII. Lib. XV. againft Cardan \ in which I oblerve, that a- 
mongft the many combuftiblc Matters they are compofed of. Saltpeter 
and Oil of Nitre are not moderately uled, but in Proportion to the reft 
make up the greateft part. This I think wc may fafely fay, namely, 
that the mixing of Saltpeter with other combuftible Ingredients is a new 
Invention ; or elfe (as it may be too ralh to doubt of what has been laid 
by fo many Authors of fuch great Probity, and who lived in fo great 
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Reputation) we may conclude that it vras not commonly known, and 
that it was concealed as an extraordinary Secret j which obliged &emi- 
maurus (as Scaliger has it) to fay, that it was perfectly miraculous, be- 
caufe of its ftrange and wonderful Effedts. I dare not doubt but that 
the Ancients had their Judgment fo far enlightened as to know that 
Salnitre or Saltpeter was of a very igneous Nature j for it is a very old 
Opinion (though to fomc it may appear new) that though Saltpeter 
feels cold to the Touch, and appears white to the Eye, yet that it is 
tery full of Red Spirits, and is naturally very hot and fiery. If we 
Wanted Teftimony to prove this, the Holy Scripture^ which is the pure 
Fountain of Truth, will furnilh us with it, by fpeaking fo plainly of 
Fiery or CombuftiWe Salt, in the Paffage we have already quoted. But 
what furprizes me the moft is* that the old Romans (not to men^ 
tionthc Grecians mdCarthaginianSj who at all Times, and in all Things 
were their great Emulators) who were the moR perfedt and beft verfed 
in Military Knowledge, of all the Nations which bore Arms in their Days; 
I fay, it is furprizing to me, that though in their Defences and Attacks 
of fo many confidcrable Places, that either owned their Power, or were 
befieged by them, they made great ufc of Fireworks, or burning Oil 
(which they called Naptha) Sulphur,' Bitumen, Pitch, Frankincenfe, 
fcveral Ways prepared, Rofin, yet never made any Account of Salt- 

peter, whofe Power and Efficacy far exceeds all thofe Things ; whether it 
was that they preferred all thofe Drugs to it, or that their Engineers 
(which I dare not advance without trembling, {\nctUp^us{xys,pauca non. 
hahemus in’oenta ahavo illomeliore & fapientiore) were Strangers to the 
Nature and Properties of it, and confequcntly were not aware of the 
Service it might ^ of in their Fireworks. However, it may not he un- 
likely that they ufed it, though they might keep it as a great and my- 
flerious Secret in their Pyrotecbnicks, and never divulged it to thofe 
whofe Curiofity might lead them to inquire into the Caufe of fuch 
wonderful EfFedls as they faw or heard of. Thus as it was only known 
to thofe who were immediately concerned in the Preparation of their 
Fireworks, neither Livy, Cafar, Tacitus, Polybius, Vege- 

tius, nor any other Hiftorians* fpeak one Word of Salnitre, Nitre, or 
Saltpeter, in their Writings; though* amongft the famous and great 
Exploits of the Romans, they have deferibed their Machines, their 
Arms, and their Fireworks. It is certain that both Greeks and Romans, 
Arabians and Egyptians, ufed Nitre in feveral of their Medicinal Com- 
pofitions, if we may believe Galen, Hippocrates, Theopbrajlus, Avken, 
Averroes, and the Writings of many other Authors. It has likewife 
been remarked in fome Writers, that Patrobius a Freed-man of Nero 
fent to Egypt for certain fine Sands, found near the NiUj which were 
impregnated with a great deal of Nitre, with which he ufed to whiten 
his Skin j and I believe it was fomething like what Ovid fpcaks of in 
a Diftich, by way of Advice to thofe of his 'Pime who pointed. 

Nk 
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Nfc Cerujfa tibi, nec Nitri fpuma rubentis 
De^t 6? Illirica qua venit Iris humo. 

He here advifes them not to be fparing of Cerufe and Nitrp, Gfr* 

And again, 

uhi mifeueris radenti tubera Nitro % 

Ponderibus jujlis fac fic utrumque trahent* 

This was perhaps a kind of corrofive Compofition made of equal 
Quantities of Nitre and Frankincenfe mixed together, which he pre- 
feribes for removing all Cutaneous Blcmiflics, fuch as Marks of the 
Smallpox, Pimples, Freckles, &c. 

The Egyptians feafoned their Horfe-radilh with Nitre, juft as we do 
our common Radifhes with Salt. The Macedonians mixed the Flower, 
with which they 'made Bread, with a little of the Calijirine Nitre, 
which was found in great quantities in the Qiwrries of Clytes in Mace- 
donia j which was excellent Seafoning, and with which they falted their 
Meat. 1 believe I need fay no more to you upon this Head, and that 
what I have offered here, will change the Opinion you might have had 
concerning Saltpeter, if you before entertained any Thoughts about it 
that were repugnant to ours j and I hope we (hall for the future be of 
one Mind with regard to this Fad:, jointly confefling that our Pyro- 
technic Salt was very well known to the Ancients, and that it is very 
like their Nitre, before its being prepared j but being refined and puri- 
fied, it exadly anfwers to their Saltpeter. This being laid down, let 
us proceed to the Artificial Preparation of our Salt. But in the mean 
time, I prefume, it will not be taken amifs, that I clofe this Chapter 
with an Account of the Caufc why Saltpeter detonates or makes a 
Noife and Sparkling in the Fire, by way of Corollary from Scaliger a- 
gainft Cardan Lib. xv. Exercit. 24. as follows : Dii benefaciunt Salipetra^ 
&c. May the Gods blefs our Saltpeter (cries he) which keeps from us thy dan- 
gerous and fiery Difiiculties, though of itfelf it be of the mofi igneous 
nature. I'bou wouldji have us believe that Saltpeter retains many earthy 
Particles^ becaufe it detonates^ or makes a Noife in the Fire : But that 
can never he the Reafon^for if it was^ Earth ought to detonate when heated 
by that Element ; which it does not. Is it then the Rarity of itt which 
Ariftotle calls ^etmomra, and oofKpo’mn j this I cannot think ; for daily 
Experience JJiows us, that Mujhrooms are filent on the Fire. Is it then the 
Hardnefs or Solidity of its Parts joined to its Rarity ? ’Phis is not likely, 
fince the Pumice-fione has not that noify ^ality. Some other thing muji 
then he the caufe of the Detonation c/’ Saltpeter when enkindled. "Fhe Di- 
vine Preceptor in the eleventh Se^ion of his ^ejlionsy fays. That Salt- 

A a peter 




Of the Great Art of Autillery, Book It 

peter makes a noife in the Pire, hecaufe it contains a great deal of Moijlure 
in ity ‘which being bigidy ratified hy pl^eit becojetK meerly ^\rituous : It is 
thus I interpret <on'<^jt*ctTfe0. It contains rather jdir than JPater, which 
being violently expanded by Fire^ becomes impatient of the narrow Bounds 
which confined i% when cohering in a more compared Form ; and therefore 
burfis open its Prijbn j fo that the outward Air being greatly agitated by 
this ExplofioUj you confequently bear [that Clamour which ufually attends 
the burning of Saltpeter, and other fhi/^s wherewith it is incorporated. 
Let not this appear firangC', for Chefnuts^ and Bay-leaves, as well as thofe 
of funiper (and I believe the Berries of them too) do the fame thing, 
which contain much Air and Utile Moifiure. It is mot fo with the Pumice- 
fione, whofe Pores are all open and pervious, and confequently the Air in 
them mufi be of the fame F’emr with the circumambient Air. 



CHAP. It 

The M^hod of freparwg Saltpeter fiom a Safnitroos 

Eartb. 



Earth or Matter that is produfrive of Saltpeter, is commonly 
found in great Henty, in dark, lhady, and cavernous Places, 
Ivhich are equally guarded from the Heat of the Sun-beams, and from 
the Accefs of Rain, or any kind of frefh Water. It is likewife met 
with in Stables and other covered Enclofures where any fort of Cattle 
are kept; and alfo in luch Places where Men ufually difeharge their 
Urine. In fhort,, it is to be found in Fields and other Scenes of Battle, 
where Heaps of putrified Carkafies lay covered with Earth: Such Places 
as thefe have for many Years paft been ranfacked, where great Qum- 
titics of Saltpetrous Matter have been found, particularly in Wallackia, 
and In the IDefarts of Pqdolta, between the Boh and Borifihenes : Upon 
which Account the Poles have been formerly obliged to war againft 
the Crim and Precopian Tartars, and what is worfe are at this Day 
involved in dreadful CqnJdifions with the Cofiacks, who have rebelled 
againft them. ‘ But, O God 1 be thou propitious to the Enterprizes of 

* our invincible fobn Qafimir, by thy infinite Goodnefs King of Poland 
‘ and Sweden j infpirc him, and condudt him in all his Undertakings, m 

* the end that taking into his Hands the Reins of his Empire, which thou 

* h^ lately comnutted to him, he may not be inclined to guide them 
‘ through the Paths of Cleinency and Mercy ; (Ornaments much more 

* bccommg a i^ing, than theSeverityofPunilhmentsi)but may his aveng- 

* ing and vidtorious Arms juftly chaRife the Infplcnce, and mow down 

* the Heads of thofe turbulent Spirits, who though always born to Servi- 

^ tude. 
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* tude, yet like wild and reftif AlTes, have always refifted againft the 
‘ Spur, and formerly refufed a Submiflion to the mUdeft Laws, of their 
‘ Sovereigns j and now not contented with a Profpeft of Liberty (a Hap- 
‘ pinefs too refined for their rude and barbarous Tafte) they meditate I 

* know not what Empire over others. May he extirpate the Generatioa 

* of them, and when his juft Severity fliall have fubdued them, may he 

* deprive them of all Hopes of Forgivenefs, and make them dearly pay 

* for their perfidious Rebellion : In fhort, after having heaped dead Car- 

* kafs upon dcadCarkafSj and made difmal Burial-Places of that vileRacCi 

* (obliging them at once to groan under the Yoke of their ownRuim and 

* the Weight of our Earth, after the manner of the Giants Mfhomyupiter 
‘ overwhelmed for a Crime of the like Nature) may we add the Hills of 

* thefe newly-deftroyed CarkalTes to the old ones, whofe faithlefs Foot- 

* fteps they purfued. From thefe Monuments of Mortality and juft Ven- 

* geance will Pofterity have ample and glorious Subje<ft, whereon to 
‘ yield immortal Thanks to the Heroic Virtues of fo powerful a Kingj 

* when they fhall with Aftonifhment behold theTrophies of fo compleat 
^ a Viftory, infinitely furpafling thofe famous Pyramids eredlcd of old by 

* the Vanity of Memphis^ and virhich pafled for Wonders amongft the An- 

* cients. From hence like wife, from the Putrefadlion of thefe Rebels* 
may be extradted Saltpeter^ wherewith to make thunder-imitating 

* Gun-powder, the Stench of whofe Smoke ftiall have the lame Efte(ft 

* upon the Remains of that ungovernable Race, if ever they revive fuch 

* fatal Commotions, as the offenfive Uffiuvia of the burnt Body of one 
‘ Bug have upon its Survivors, which, according to fiaturalifis^ deftroy 

* or deprive them of their noxious Qi^ities j like thefe therefore lhall 
‘ they all be deftroy ed, or being difarmed of their inveterate Untradlable-* 

* nei^ be obliged to live peaceably under the Yoke of the Prince, whom 

* Heaven (hall fet over them; or elfe taking a diftantFUght with fuch as 

* are Enemies to their Country’s Qiuet, and dreading the Purufliments 

* they mayjuftly expedt j lofe all Inclination, and never once entertain 

* the leaft Defire of returning home again. ’ Thefe are the Vows, and 
this is the Prayer, which the Fidelity I bear to my Prince, and the 
Love I have for my Country, have didtated to my Pen j and which I 
Lope the great Lord of Hofts will bring to pafs, if he fees it will 
contribute to the Glory of his Holy Name. But I forget how infenft- 
bly I ftray from my Subjedl; let us therefore refume it, and confider a 
little c«i the Methods of trying the Goodnefs of Salnitrous Earth. 

There are three ways of doing it, from which you may determine 
with a good deal of Certainty, with regard to the Soil from whence 
you would extradl Saltpeter \ and which are the moft pradlifed by Per- 
fons concerned in this fort of Work* 

The Firft as follows: Take a little of the Earth, winch you. inaa- 
gme tQ be prududhYe of S4tpjtfer^ and put it upon your Tongue j if 
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it bites a little {harply, it is a Sign your Labour will not be in vain j 
but if on the contrary it is flat and a little corrofive, I would not ad- 
vife you to throw away your Time and Money about it. 

The Second, is by making an Hole in the Earth, and throwing into 
it a Piece of red-hot Iron j which done, you muft ftop the Hole dole 
up, ’till the Iron is coldi and if upon taking it out again you find any 
Spots or Marks about it of a Lemon or whitilh-yellow Colour, you 
need not doubt of the Goodnefs of it. 

Thirdly, You may make the Experiment by throwing a little of the 
Earth upon burning Coals, which if it makes a noife or crackling and 
emits bright Sparkles, you may depend upon it, that it will anfwer 
your Purpofe. 

Having by one, or all thefe Tryals, been convinced of the Goodnefs 
of the Soil, whence you propofe to extradl your Saltpeter^ dig up what 
Quantity you want, and let it at once be carried to fome convenient 
Place. Then get a good ftore of Wood, fuch as Oak, Aih, Elm, Maple, 
or any other hard kind of Wood, which you mull burn, and preferve 
the Alhes. Then take two Parts of thefe Alhes, and three of Quick 
Lime, and incorporate them well together, and fet this Mixture afide 
for the Ufe I lhall hereafter mention. In the mean time get a large 
Tub or any wooden Veflfel wide at top j and in the Bottom of it bore 
an Hole of an Inch or two Diameter j let this Hole be covered with fmall 
Twigs wrought in fafliion of a little Hurdlq, and then 'ftrew the Bot- 
tom of the Veflel all over with clean and whole Straw, not excepting 
the little Hole. This Veflel being prepared after this manner, place 
it fo that a fmall Veflel may Hand under it, to receive the Liquor which 
lhall run from the upper one. Then begin with putting a Stratum or 
Layer of your Saltpetrous Earth in the Bottom of your Veflel, to the 
Height of a Palm, or the Thicknefs of 3 or 4 Inches, which before 
you do this, mull be dried a little in the Air : Then upon this Earth 
put a Layer of 3 or 4 Inches deep of your Compolition of wood Alhes 
and Quick Lime j and upon that, another Layer of your Earth, of the 
fame Thicknefs with the former, and upon that again another Layer 
of your Compolition ; and fo on alternately a Layer of Compolition up- 
on a Layer of Earth, and a Layer of Earth upon a Layer of Compo- 
fition. Stratum fuper Stratum^ till you are come within 3 or 4 Inches 
of the Brim of your Velfel, which Space you mull leave for the Water 
which is to be poured upon it. This done, pour as much frelh Water 
upon it as you think needful j or to the Height of 3 or 4 Inches above 
your Ingredients j which as it penetrates and paflfes through the Mafs 
of the Matter, contained in the Veflel, will dillil Drop by Drop through 
the Hole in the Bottom of it, into the Recipient that Hands under it, 
and you will have a Salnitrous Lixivium or Lye, in proportion to the 
Qjmtity of Water you lhall have poured upon your Ingredients : If 

you 
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you think it too little, you muft repeat the Operation, fo that the Wa- 
ter pafling through them a fecond time, you may have the more of the 
Salnitrous Particles which the Water will bring away with it. 

This being done, pour out the Lye in your Recipient into fomc Pot 
or Boiler of fufHcicnt Capacity, and make it boil at firft over a flow Fire, 
and after that over a ftrong one till a third of it is evaporated or wafted j 
then pour in again as much of the fame Lye as will fill up the Boiler, 
and let it evaporate as before, and fo continue to do till all your Lye 
has undergone this Ebullition^ You muft take care to feum the Lye 
whilft it is boiling with an Iron or Copper Scummer full of Holes. In 
Ihort, the Lye being thus boiled, feummed, and cleanfed from all its 
Filth, you may take it from off the Fire, and pour it into fome Wooden 
Vcflel j then covering it up clofe, let it ftand till it is cold and fettled, 
fo that all the grofs and earthy Particles in it may fubfide to the 
bottom. 

After this, take the Veflfel, and, by Inclination, pour out the clear 
Liquor only into a Boiler, as you did before, taking great Care that 
none of the Sediment runs in with it 5 and put it again upon a hot Fire, 
and let it boil till it is half evaporated, or till it begins to thicken, or 
till putting fome Drops of it upon a Piece of rough Marble, or an Iron 
Plate, it is perceived to coagulate or chryftalize. 

Then taking it from the Fire, let it cool a little, and pour it into 
Wooden Veflels that are broad and (hallow, to the height of 2 or 3 
Inches only, or thereabouts. After having covered thefe Coolers with 
Canvas, or coarfe Cloth, let them be carried into fome (hady retired 
Place, where, after 3 or 4 Days, you will find the Saltpeter concreted in 
little Furrows, like Chryftal, (licking to the fides of the Vefiels, or to 
little Sticks with the Bark (Iript off of them, and indifferently put into 
the Coolers before the Liquor was poured into them. Then carefully 
colled: all the Saltpeter, and put it into any Veffel which is proper to hold 
it and preferve it dry. Then boil the Lixivium or Lye remaining in the 
Coolers over again, not forgetting to feparate from it the Sediment at 
bottom, which may be laid afide for another Ufe. 

If it happens to boil over, throw into it a little of other Lye, made 
of three Parts of the Aihes before mentioned, and one of Qmck Lime, 
in every 100 lb Weight of which you muft diflblve 4 ■ :: of Roach Allum j 
and it will be ncceftary that you (hould have this Lixivium ready by you. 
Thus by throwing a little of this into the Boiler from time to time, as 
often as the Liquor rifes, you will fee it immediately fall, and the com- 
mon Salt and Earthy Particles will precipitate to the Bottom. 

The Earth remaining in your Veffel after all the Lye has pad through 
it, muft be put into fome covered Place, where neither the Sun-beams, 
Rain, nor any kind of Water, can come near it, (though it is proper it 
(hould be frequented by Men or any Animals) where it may be fcattered 
or fpred to the height of a Foot. Then over this may be laid the Dung 
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of any kind of Cattle to the height of 2, 3 or 4 Feet. Then take all 
the Filth, Scum and Sediment, which youfliall have feparated from your 
Lye, during and after its Ebullition, together with what Liquor re- 
mains, after you have extraiSled what Saltpeter you can from it after re- 
peated Boilings (feparating from it the Terreftrious Matter and the com- 
mon Salt, which fublide, and which are good for nothing) and Mat- 
ter or fprinklc them over your Dunghill, and every Day throw as much 
human Urine upon it as you can getj by doing which, your Soil will be 
as much impregnated with Saltpeter as it was at firft, if not more, and 
which you may eafily extrad: after the Method we have here given. 



CHAP. III. 



How to clarify or refine Saltpeter. 



CINCE it is a received Opinion that Gun-powder ought to hold 
^ the firft Rank of all thofe Things that are ufed in Pyrotechnics j 
and inafmuch as its powerful Force, and fupernatural Effeds, cannot be 
attributed to any moving Caufe which is more adive or ftrong thanitfelf; 
and imagining that its chief Energy confifts in a Separation of all grofs 
and ftrange Matter from its purer Particles j I thought it not enough, 
barely to extrad this Salt from a Saltpetrous Earth, but alfo to purge 
and cleanfe it twice or thrice, or oftner if need be, that you may have k 
in the higheft Degree of Perfedionj and this you may do by two Me- 
thods. 

The Firft. Be there taken as much Saltpeter as fhall be thought fit, 
and put into a Boiler, then let there be as much frefti Water poured up- 
on it as may be fufiicient to difiblve it j on which mull be poured a 
Quantity of that Lye, made by an Infulion of Alhes, Qmck Lime, and 
Roach Allum, which we have already mentioned ; let all this be boil- 
ed together till the Saltpeter is all diluted, and entirely reduced to 
a Scum or Froth. This done, let there be ready a Wooden Veftel, of 
fufficient Capacity, which muft be placed in fuch a manner, that ano- 
ther may be fet under it, the Bottom of the uppermoft being perforated 
as before, and which Bottom muft likewife be covered with fine, clean 
walhed Sand, to the thicknefs of 3 or 4 Inches } over which fpread a 
Piece of coarfe Linnen Cloth. Then take the Liquor in the Boiler, and 
pour it into the upper VclTel, which will diftill Drop by Drop into the 
Recipient beneath; and being thus ftrained through the Sand, covered 
with a coarfe Cloth, it will leave all its grofs and ufelefs Particles behind. 
Afterwards pouring it out of the Recipient into the Boiler, let it boil 
again, as before, till it is ready to coagulate; then put it into broad and 
Ihallow Coolers, as we faid in the foregoing Chapter, and let it cool at 
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leifiire in fome retired Place j and in two or three Days you will have 
your Saltpeter chryftalizcd much purer and finer than at firfl. If you 
would go on to refine it, repeat this Operation fome few times more, 
after the fame manner as we have proceeded in this firfl Purgation. 

The other way of refining it is thus. Put your Saltpeter into a 
Boiler, made either of Copper, Iron, or glazed Earth ; then fet it on a 
flow Fire, which mufl be quickncd by degrees till all the Salt is fiifed or 
melted, and boils up in great Bubbles} then take a little common Sul- 
phur well pulverized, and throw it upon the liquified Saltpeter^ which 
will inflantly take fire, and confume all the oily and vifcous Humour, 
together with all the drofly Salt which had been impregnated with the 
Saltpeter before its Clarification: This you may repeat feveral times till 
all thofe foreign Particles are entirely confumed. In fhort, the Salt- 
peter being well liquified and cleanfed, you may pour it out upon po- 
lifhed Marble, or upon Plates of Copper, Iron, or glazed Earth, and 
it will be condenfed to almofl the Colour and Confiflence of white 
Marble, or of pure and pcrfc<fl Alabaflcr. 



CHAP. IV. 



Hoiiv to reduce Saltpeter to a Flower. 



T^HE Saltpeter having been refined, mufl be put into a Boiler, 
over a fmall Furnace upon burning Coals } then inceflantly blow 
the Fire till it arrives to that Degree of Heat, that all the Moiflure of 
the Saltpeter is evaporated in Fumes, and that it has attained a perfed: 
Whitenefs. But in drying it after this manner, you mufl take Care to 
ftir it continually to the very bottom with an Iron or Wooden Spatula^ 
left it fhould return to its firfl Form. This done, pour fine, clear, 
frefh Water upon it, till it is covered j and when it is diluted and has 
acquired the Confiflence of a denfe Liquid, keep inceflantly ftirring it 
as quick and as fafl as you can, till all the Moiflure is evaporated ad Jic- 
citatenty and that it is all reduced to a very fine, white and dry Fl<ywer» 



CHAP. V. 

The manner of preparing Saltpeter with the Flover of Wall. 

E T together a Quantity of that fine Flower which is commonly 
found upon the Surface of old Walls, that are in damp and fubter- 
raneous Places: You may alfo get fome of that Salt, which frequently 
adheres to Lime, or the Ruins of old Buildings; which, Peter Sardi 
i fays. 
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fays, he found to anfwer very well at Brujfels in Brabant^ in Book III. 
Chap. xxix. of his Artillery. You muft firft make a Lye of C^ickLimc 
and common Water, which muft be fined as ulual j then having put 
your Flower or Saltpeter in a Veflel, with an Hole in the bottom of it, 
and ordered it in the fame manner as we have directed in the fecond 
Chapter of this Book, throw your Lye upon it, and mix it well with 
a Stafula till the Saltpeter is all diluted 3 let this Liquor drop into the 
Recipient that {lands beneath, and being all drained offj pour it into a 
Boiler, and heat it by How Degrees over a Fire; then make it boil till 
it has acquired a fufficient Denfity, and that it will eafily coagulate; 
then go on with your Procefs in the fame manner I have directed 
above. 

There have been even filly Girls who have had fome Notion of this 
kind of Salt: Aninftance of which we have from Lib. I. Cap. i. 
where he {peaks of a Difciple of the Virgin Lmilia^ who paying her 
Adoration to the Goddefs Vejla^ had put fome fhreds of fine Linnen up- 
on a Chafing-dilh, which, though the Fire in it feemed to be quite ex- 
tinguifhed, broke out into pure and lively Flames. Now the Reafon he 
gives for it is this ; (fays he) we mull believe that this good Lady bad 
put Scrapings of fome old Wall, (or Flower of Wall as we call it) into 
this Linnen, and laid it upon warm Alhes, or elfe iprinkled them over 
with fome of it, which broke out into thofe Flames, and produced that 
Effedl; which railed the Wonder of thofe who knew not the Caule 
of it. 

Furthermore, it fometimes happens that Fire takes hold of the Walls 
of certain Buildings with fuch Subtility, as to allonilh one, as if it 
were a Prodigy. This Cardan^ (Lib. X. of Varieties, Cap. xlix.) attri- 
butes to the Salt, which ufually adheres to the Surface of Walls, and 
Ruins of old Buildings. 



CHAP. VI. 



How to prepare Salprotic, or Pulvis Fulminans. 



'T^AKE of Saltpeter, two or three times clarified or refined, a «:r- 
tain Qvwntity of Pounds, to each Pound add of Sal Armoniack | ij, 
and of Campbire^k, and mix them all well together in fome BrafsVclH; 
then pour upon them good Brandy, till they are covered with it to die 
height of 2 Inches. Boil them upon a quick Fire till all the Moillure is 
evaporated 3 then taking it from the Fire, put what remains into an un- 
glazcd Earthen Pot; cover it, and hang it up, placing under it a glazed 
Earthen Plate or Dilh, into which you muft carefully ferape a certain 
fine whitilh Subftance, very much like Flower of Wall, which will ap- 
pear 
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pear upon the outward Surface of the Pot you muft continue to gatlier 
this white frofty Subftance as faft as it penetrates through the Veffel that 
contains it. In fhort, having got together all of it that will perfpire 
through the Pores of the Pot, put it carefully up in fbme dry Place till 
you want it. 



CHAP. VII. 



How to prove the Goodnefs of Saltpeter. 

pUT fome Saltpeter upon a Wooden Table, or fome fmooth Board, 
and fet fire to it with a live Coal, and obferve the EfFefts of it. 

If in burning it makes the fame Noife as common Salt does when it is 
thrown upon the Fire, it will be a Sign that it is ftill impregnated with 
a good deal of common Salt. 

If it yields a grealy thick Scum, it is a Sign that it retains many vif- 
cous Particles. 

If after its Combuftion there remains any Filth, or Drofs, upon the 
Board, it is a fiire Token that it contains a great deal of Earthy Matter. 
In fhort, the more Dregs or Phlegm is left after the Combuftion of the 
Saltpeter^ fo much the more impure and grofs muft you judge it to be, 
and confequently the lefs adlive. 

But if, on the contrary, it breaks out into a long bright Flame divi- 
ded into feveral Rays, and the Surface of the Board is free from any 
Drofs; or if it be confumed to a pure Coal without any Scum; if it 
took fire without any great Noife, or violent Detonation; you may con- 
clude that the Saltpeter is well cleanfed and perfedlly well prepared. 

yofeph Furtenbach afiures us, in his Artillerfy that it is an infallible 
Sign of the Excellence of Saltpeter, if after the fecond Clarification, 
(according to the Prefcription in the third Chapter of this Book, which 
is the ufual Way of doing it) it lofes 4 lb in 100 lb; and conle- 
qucntly after having been purified over again, according to the other 
Method laid down in the fame Chapter;, you will find it diminilhed 4 tb 
of its Weight, as before. 
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CHAP. VIII. 

The true Method of purifying Saltpeter, and of feparating 
from it all noxious and fuperflmus Matter \ fuch as cotn- 
mon Salt, Vitriol, Allum, and all grofs and vifcous Hur- 
mours, 

T^AKE 2 tb of QmckLime, 2 lb of common Salt of Verdigreafe, 
I lb of Roman Vitriol, i lb of Sal Armoniac. Pulverize them 
all together, then put them into fomc lhallow Wooden Vellel, and pour 
upon them a good Qu^tity of Vinegar or Wine ; or, for want of either 
of them, you may ufe clear frelh Water j and thus make a Lixivium or 
Lye, which you muft leave to fettle and fine of itfelf for three Days. 
Then put your Saltpeter into a Boiler, and pour as much of this Lye 
amongft it as will cover itj fet it upon a gentle Fire, and let it boil till 
one half of all the Liquor is evaporatedi then take it from the Fire, and 
pour what remains gently into another Veflel, and feparate from it all 
the Dregs and Filth which funk to the bottom of the Boiler. This 
done, let this Saltpetrous Liquor cool, and go on with your Procefs, 
according to the Rules we have preferibed in the third Chapter of this 
Book. 



CHAP. IX. 



How to purifie common Sulphar. 

'E'XPERIENCE plainly evinces that not on\y Saltpeter is full of 
^ Earthy Matter} but that Sulphur alfo is not free from a grofs, oily 
Humour, which Qualities are as noxious and prejudicial, as they arc 
common to both the one and the other of them ; therefore if you would 
have the pure Qmnteflence of thefe Ingredients, you muft alfo puriiic 
Sulphur^ in order to exalt its Nature, and make it more fiery and 
aerial. In doing of which proceed as follows. Melt what Quantity you 
want of common Sulphur in an Earthen or Copper Veflel, over a flow, 
clear Fire; and, with a Spoon, gently take off all the Scum and Drofs 
that fwims on its Surface; then take it ofi^ and filtrate it through a fine 
Linnen Cloth into another Veflel, fqueezmg it out pretty lightly. Thus 
all the Dregs and Oil of the Sulphur remain in the Cloth, and you 

will have your Sulphur pure and clean after this Filtration. There are 
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fomc who, after having fiifed the Sulphur^ and taken it from the Fire, 
have added to it a certain Quantity of Quicklilver, and then ftirred them 
about as faft, and incorporated them together as well as poffible, which 
they have continued to do till cold, that they might be the more 
clolely and univerfally united] from whence we muft believe that the 
Defign of purifying it, is not only to* render it more violent and adtive, 
but alfo that it may be the more volatile and fubtile. There arc others 
who, when their Sulphur is melted, mix Glafs finely pulverized with 
if, and pour Brandy upon it, together with fomc Pieces of bruifed Al- 
lum, imagining That greatly contributes to the refining of Sulphur. 

You may know the Goodnefs of Sulphur by preffing it between two 
Iron Plates j for if in running it appears yellow like Wax, and emits no 
fuffi)cating Scent, and if what Itays behind is of a reddilh Colour, you 
may conclude it to be natural and excellent. It is obferved, that Fire 
is fo fond of Sulphur^ and that reciprocally, Sulphur takes fuch Pleafure 
in being devoured by that Element, that if any Bits of it happen to lye 
about any Wood, fo as they can feel the Heat of it, they feem to call it 
to them, and really attradt it fometimes. There is another kind of 
Sulphur which does not burn like the reft, and is not attended with any 
bad Smell, but being put upon the Fire melts juft like common Wax. This 
fort of it is found in great abundance in Ice-land near Mount Hecla, 
and in Carniola ; asL/havlus relates in the firft Part of the Apocap. Hermet. 
Now this Sulphur is commonly red, as is alfo that which is found in the 
Streights of Heildepeim^ (as Agricola writes, Lib. I. de Effl. Terr. Cap. 
xxii. from the Teftimony of yoh.yonjlon^ Adm. Nat. Claf. IV. Cap. xiii.) 
where it is like wile of feveral Colours, as pale, yellow, and green, and 
generally adheres to the Surface of Stones and Rocks, and may ealily 
be broken off and colledled. That which is perfedtly yellow is the beft. 
We call that Sulphur vivum or ^ick Sulphur, that has never been con- 
cerned with Fire; others call it Virgin Sulphur, becaufe the Women and 
Girls \xiCampania ufually make a kind of Paint of it tobeautifietheFace, 



CHAP. X. 



How to reduce Saltpeter to an Oil. 



T E T there be put upon a Table, or Plank of Fir, that is well dried 
and planed, a certain Qu^tity of purified Saltpeter-, then under 
the Plank or Table let there be fet a Brafs Bafon, and under that fomc 
burning Coals; when the Fire melts the Saltpeter, you will lee a Sub- 
ftance perfedtly like an Oil flow from it, which will penetrate through 
the Wood, and drop into the Bafon that is underneath. You may con- 
tinue this Operation till you have enough of this Oil, provided that from 
time to time you add frclh Supplies of Saltpeter. 

I 
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CHAP. XI. 



How to prepare Oil of Sulphur. 



*^AKE a good Qi^ntity of purified Sulphur, and melt it upon a 
gentle Fire, either in an Earthen or Copper VelTel. Then take of 
old red Tiles that have been ufed in fome Building; but if you cannot 
get fuch, take new ones chat are thoroughly burnt, and have never been 
wet; break them into Pieces of the bignefs of a Bean, and throw them 
into the liquified mix them well together till the Pieces of 

Tile have abforbcd or imbibed all that Liquid; then put them into an 
Alembick, over a diftilling Furnace. Thus you will have a Chymical 
Extraction of your Oil, which will be excellent, very combuftiblc, and 
proper in the Compofition of artificial Fire-works. 



ANOTHER METHOD. 

Take a Matrafs (the Fig. of which you have 14.) and fill about 
a third or fourth Part of the Belly of it with Sulphur finely pulverized, 
pour into it Spirit of Turpentine, or Oil of Walnuts, or of Juniper, till, 
what with the Sulphur and the Liquid you pour upon it, you have half 
filled the faid Matrafs; then fet it upon hot Aflies, and let it there con- 
tinue 8 or 9 Hours, and you will foon after fee that the Spirit of Tur- 
pentine will turn the Sulphur into a red Oil, which will be as fiery and 
combuftible as the former. 

There are thofe who ufe the following Ingredients in the Preparation 
of 0/7 of Sulphur to make it the more igneous (viz.) of Sulphur i IK 
of Lime Ib fs, of Sal Armoniac 5 iiij. 

Befides this, the Chymijls have a way of preparing a certain Oil of 
Sulphur (which they call a Balfam) whofe Virtues are £o admirable, as 
to prevent Putrefaftion in any living or dead Body; and preferve them 
in fo perfedl and found a State, that neither the pernicious Influences of 
the Heavenly Bodies, nor the Corruption caufed by the Elements, nor 
even that which might naturally proceed from the very Principles of 
them, can in any degree impair or alter the Symmetry of fuch dead Bo- 
dies as are embalmed with it, nor of thofe that have been anointed with 
it whilft living. They prepare alfo a certain kind of Fire (as I'riiho'tiui 
tells us) with the Flower of Sulphur or Brimftone, of Borax, and Bran- 
dy, which will burn many Years without extinguilhing. There are 
others who have a way of preparing a Lamp filled with fome fuch Oil 
as this, which makes thofe it gives Light to appear without Heads. 
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CHAP. XII. 



The Method of preparing a Mixture of Oil of Sulphur, with 

Oil Saltpeter. 



T'AKE equal Parts of Sulphur and Saltpeter^ and incorporate them 
well together, then reduce them to a very fine Powder, and let 
them be fearced : Put this Powder into an Earthen Pot that has never 
been ufed, and pour as much White-wine Vinegar, or Brandy upon it, 
as will be fufficient to cover it. Then lute up your Pot fo clofely that 
no Air can poflibly enter in, and fet it in fome warm Place, where let it 
remain till the Vinegar is quite digefted. Then take what remains in 
the Pot, and extrad the Oil from it, with fuch Chymical Inilruments 
as are proper for the Operation. 



CHAP. XIII. 

How to prepare Charcoal or Small-Coal for the Ufe of Gua- 
powder, and for other Ufes In Pyrotechnics. 

TN the Months of or funey when all forts of Trees are ealily 
ftripp’d of their Bark, and more fappy than at any other time of the 
Year, cut down a good Quantity of Filberdy Hazely or Wtllaw Wood, 
of two or three Feet long, and hdf an Inch thick j throw afide all their 
ufclefs Branches and hard Knots: then ftrippingoff the Bark, tye them up 
in little Bundles or Faggots, and dry them in an hot Oven : which done, 
put them all upright in fome even Place, and fet fire to them; and as 
ibon as you perceive they are thoroughly lighted and inflamed, cover 
them up quickly with wet Earth, which fliall have been moifliened for 
that purpofe, fo that the Fire may have no manner of communication 
with the outward Air. The Flame being thus ftifled, and totally fup- 
pref]^, you will have your Coal pure, and ^tire without Afhes. In 
twenty four Hours you may take it up, and lay it afide to be ufed in 
liich Compofitions as we (hall mention hereafter. If it happens that 
you cannot get a fufficient Quantity of WUIqfw or Hazel to make your 
Coal with, you may make it of Ltme-F'ree Wood. 

But if you (hould not want any great Q^ntity of Coaly you may take 
Twigs of the Wood I have been mentioning, or Juniper , and cutting 
them into little Splinters, and then drying them well ; put them into 
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an Earthen Veffel well luted with Clay j and encompafling it all round, 
and covering it a-top with burning Coals, let it continue in that State 
for the Ipace of an Hour, taking care all the time to keep the Fire in an 
uniform Degree of Heat. This done j let it cool at leifure, and take 
out your Coal. There are thofe who take Pieces of old Linnen well 
wafhed and dried, and then burn it after this manner. The Virtues and 
Properties of this are not to be defpifed by the Pyrotechmeian. 



CHAP. XIV. 



How to prefare Pulvis Pyrius, or Gun-powden 

*'1 'HE Compofition and Preparation of Gun-pmder is not only very 
well known to fuch as are profefled Pyrotechnicians, but likewife 
to many of thofe who never make ufe of it but for Mulquets, Piftols, 
and fuch light Fire-arms. Nay, what is very odd, the very Peafants in 
our Country have learned to make it with their own Hands, without 
the help of any artificial Engines, or Chymical Apparatus. For (and 
I think it will not be very improper in this Place, to make the Digref- 
fion) I have fecn many of the Inhabitants of Podolia and Ukrama, whom 
Ive now call Cojfacks^ who make their own Powder, after a Method en- 
tirely contrary to the Pradlice of our Pyrotechnictans. For Example, 
they put certain Qiwntities of Saltpeter^ Sulphur^ Charcoal an 
Earthen Pot (the due Proportions of which they have attained to by 
long Ufe) then pouring frefh Water upon them, they boil them over a 
flow Fire, for two or three Hours, till all the Water is totally evaporat- 
ed, and that their Compofition is become very thick j then taking it out 
of the Pot, they dry it in the Sun, or fome warm Place, in a thing like 
a Frying-pan. They then pafs it through a Hair-fearce, and make it 
into very fmall Grains. There are others of them that pound their 
Compofition, and incorporate it in an Earthen Porringer, or grind it 
upon fome fmooth poliflied Stone \ then moillen it, and corn it, and 
bring it to fuch a degree of Perfection, that it ferves them as well as if 
it had been prepared by the moft ingenious Artift in the World. 

It will therefore be to little purpofe to dwell upon this Article, or to 
give a detail of the Preparation of our Powdery fo I fhall only prefent 
you with fome excellent and approved Compofitions for the making of 
three forts of Guru-powder. 
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Compofition for | 
Cannon-Powder. 1 


Compofition for 
Mufquet-Powder, 


Compofition for 
Pifiol-Powder. 


1. 

Of Saltpeter - 100 lb. 
0 ( Sulphur - - 25 th. 
Of Charcoal - - 25 15. 

2. 

Saltpeter - looH. 
Sulphur - - 20 15. 
Of Charcoal - - 24 15. 


1. 

Of Saltpeter - 100 15. 
Of Sulphur - - 18 15. 
Of Charcoal - - 2olt\ 

2. 

Of Saltpeter - 100 15* 
of Sulphur - - 15 15. 
Of Charcoal - - 18 it. 


1. 

Of Saltpeter - too 15. 
Of Sulphur - - 12 15. 
Of Charcoal — 15 15. 

2. 

Of S altpeter - 1 00 15. 
Of Sulphur - - 10 11'. 
Of Charcoal - - 8 15. 



As you pound or grind your Mixture of Cannon or Mufquet Powder^ 
you may Iprinkle it gently with frefh Water only, or Vinegar, Urine, or 
Brandy. But if you would have your Piftol Powder ftronger than ordi- 
nary, you muft now and then fprinkle your Compofition whilft it is in 
the Mortar with the following Liquor; or with Water of Orange, Citron 
or Lemon Peel, diftilled with an Alembic or any other Chymical Organ, 
and let it all be well pounded or ground for the fpace of 24 Hours ; then 
com it very finely. 

Now this Liquor is made of 20 Meafures of Brandy, I2 Meafures of 
Eflence or Spirit of White-wine Vinegar, 4 Meafures of Spirit of Ni- 
tre, 2 Meafures of common Water of Sal Armoniac^ one Meafure of 
Camphire diflblved in Brandy, or pulverized with Sulphur, or in Ihort 
reduced to an Oil, with Oil of fweet Almonds. 

In the fecond Part of our Artillery I (hall give you the Figure of the 
Hand-Mill which is u/ed in making Gun-powder^ together with a great 
many other Machines and Engines, which are ufually referved in Arfc- 
nals and Magazines of Artillery. 

It is a ftrange and moft aftonifhing Property of Gun-powder ^ that it 
Ihould have a more violent Elfedt when corned, than when in a fine 
Flower or Meal ; the Reafon of which I Ihall leave to the DIfeuflion of 
thofe, who make it their particular Bufinefs to infinuate themfclves into 
the wonderful Secrets of Nature. I content myfelf with having been 
taught by long Praftice; that if in any Gun the Powder be rammed 
down too hard, fo that the Corns of it lofe their Figure, or are in the 
Icaft pulverized, it will by that means be divefted of much of its Force, 
and will not drive out the Bullet, with that Violence it would have been 
capable of, if it had been gently pulhed down to the Bottom of the 
Piece ; and we have fometimes obferved, that its Power has been fo far 
diminiihed by this means, that it has hardly been able to overcome the 
Refinance of the Bullet, and diflodge it from the Piece. The fame 
thing happens if Powder is wet, which being thereby deprived of its 
Expulfive Force, burns lazily and without Effedt; fo that if any Piece be 
charged with it, and you fet fire to it, it will be fo far from being able 
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to drive out the Ball that it will all burn out at the Touch-hole. How 
it comes to pafs that Gun-pvwd^fy by being bruifed, and reduced to a foft 
Flower or Meal, lofes thus its Virtue and Adivity ; muft be owing to the 
Rays of Fire, which though it be the moft fubtile and aftive of all Ele- 
ments, yet is not fufficiently fine to penetrate and enkindle at once a hard 
compa<^ed Body at the very Moment it feizes upon it. This Aflertion 
needs no Proof to confirm it j for Experience fhews us, with regard to 
Metals, that the more folid and hard they are, the lefs ealily are they 
afted upon by Fire; on the contrary, fuch as are more porous, and loofe- 
ly compared, are quickly heated; which is to be attributed to the Large- 
nefs of their Pores, which readily admit the Fire. This may be applied 
to Gun-pmder ; for when it is rammed and compelled into a folid Bo- 
dy, the Fire not meeting with Interftices proper for its immediate Con- 
veyance through the whole Mafs, it is obliged to confume it by degrees, 
as long as any of it remains, except it be fuffocated. Something of this 
kind may be faid of Powder that is fcattered about, and is not gathered 
together before it is fired; but neverthelefs with this difference, That in 
this Cafe the efiential Strength of the Gun-powdery or rather the Fire in 
it, is not any way diminifhed, but its Adtion is ineffedlual becaufe of the 
Diflance of its Parts ; it a€ls in this Cafe by a Succeflion of fmall AAi- 
on, which might have been confiderable if colledted together into one 
Adt, Thofe who are but little verfed in Pyroteebniesy may have expe- 
rienced the Truth of what I have here faid. The Reafon I have gi- 
ven why Powder when it is corned is more adtive and powerful than 
when pulverized, may ferve in fome meafure to clear up that Difficulty ; 
add to which, the Virtue of the Saltpeter feems to be much more united 
with the Sulphur and the Charcoal when in a dole Corn, than when 
meal’d or pulverized. To this let us add, that if you take a very long 
Piece of Cannon, and fill it up to the Muzzle with well-corned Pim~ 
deTy and fet fire to it at the Muzzle, and not at the Touch-hole as ufual; 
neither the Fire nor the Powder in this Cafe will do the leafl Damage to 
the Piece, inafmuch as the Fire adts upon the Powder by Progreffion 
and not Inflantaneoufly ; befides the Fire will move downwards, which 
is the reverie of its natural Property of adting upwards ; or to fpeak 
more properly, it not being clofely confined, and meeting with nothing 
to obflruft its perfedt Liberty, it burns out at the Muzzle of the Piece. 

I fhall filently pafs over the Opinion of fome who are not very know- 
ing as to this matter, and who imagine the larger any Gun-powder is 
corned, the more lively it will be : Which at firft does not appear un- 
likely, and feems to agree with what I have been faying above ; But On 
the other fide, the Confequence of it is wrong ; becaufe large Grains 
are not fo readily accended, or inflamed, as fmall ones ; and Experience 
in Fireworks teaches us. That that Powder which is in the leaft Corns, 
is more vigorous than that whofc Grains are the largeft; and the Rea- 
fon is, becaufe the fmall ones conceive the Fire more readily ; Add to 
4 this 
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this, that they arc more impregnated with Saltpeter (the very Life of it 
ali ) than the others j and hence it is that they corn it fmall for the Muf- 
quet and Piftol, ^c. and on the contrary take lefs trouble with it, 
when defigned for the Ufe of Cannon 5 for as all great Pieces of Ordi- 
nance naturally require a much greater Qi^ntity of Powder than the 
fmall portable Fire-arms, it is but reafonable that the Powder prepared 
for the former, fhould be coarfer than that defigned for the latter 5 and 
indeed it is not only reafonable but necellary likewife, to the end that 
its Interftices being the larger, the Fire may have the better Conveni- 
ence of penetrating through the whole Mafs of it, and of accending it at 
once. Now Nicolas Hartaglia in his Book III. Qi^eft. 10. gives this Rea- 
fon why Mufquet and Piftol Powder to be corned: It is (fays he) 
to the end. That that Quantity of Powder^ which is the exad: Charge of 
fuch Arms, may be more conveniently poured out of the Bandeliers 
(which are little wooden Meafures to hold juft. a Load) and that it may 
fun the more freely down the Barrel of the Piece ; (although the Bandc- 
licr is exactly of the fame Calibre as the Piece,) which could not eafily 
be done if the Powder wzs in a Flower or pulverized, becaufe the fmall 
Particles of it cohering together, it would all tumble down at once into 
the Barrel, and meet with Ibme Difficulty in its Delccnt, particularly if 
the Priming-pan was ftiut clofe 3 for in that Cafe it would happen that 
the Air in the Bottom or lower part of the Barrel having no Opportuni- 
ty of cfcaping out at the Touch-hole, and the Denfity of the defeend- 
ing Flower not admitting of its Excurfion upwards, it would in the end 
be fo violently comprefled as to repel the Powder or Flower by its Ela- 
ftic Force, fo that it would be impoffible to load luch Arms with it, 
with any manner of Expedition : But tliis Accident never happens with 
regard to grained Powder^ inafmuch as the Air in the Barrel is at per- 
fe£l Liberty, by having the Power of cfcaping through its Interftices : 
However, great Pieces of Artillery are by no means liable to this 
Inconvenience 3 becaufe the Powder is always conveyed into them by 
a Ladle. Here is a way of Reafoning that has fome fhew of Truth on 
its fide; though it is far from accounting fufficiently for the Neceflity 
of corning Gun-powder 3 but he is moft ftrangely out of the way, when 
he lays, that Cannon Powder need not be corned at all 3 which I abfo- 
lutely deny, and cannot but think, from his wretched manner of arguing, 
that He fTartaglia) was fo far from having ever heard or feen the won- 
derful Effects of Cannon Powder upon luch perilous Occafions, as the 
Wars in his time abounded with, that he never had fb much as a Sight 
of any of the Powder itfelf. 
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CHAP. XV. 

Um to make Gun-powdej: gffeveral Colours^ 

E BUcknefs of Gun-powder is entirely owing to the Charcoal ^ but 
that Tincture is no neceflary Adjund to its Nature, nor does it fo 
far contribute to the ftrengthening of it, but that you may make it of 
Several Colours with equal Succefs. For Example j if iixftead of Char- 
coal you rotten Wood, or white Paper that has been firft moiilened, 
then put into an hot Oven, and after that pulverized, or any thing elfc 
that is of a very combuftible Nature, and very fufcepcible of Fire (liich 
as I am going to fpeak of) you will have a Powder to the full as efiedive 
as the Black Sort. I fhall then in this Chapter prefent you with fome 
Compofitions, to guide you in making Powder of feveral Colours. 



To make White Powder. 



I. 

Take of Saltpeter 6 lb, of Sulphur i lb, of the Pith of Elder well 
dried one lb. 



2 . 

Take of Saltpeter lo lb, of Sulphur one lb, of the Rind or Bark of 
Hemp, after the Hemp is taken out, one Iby 

3* 

Take of Saltpeter 6 lb, of Sulphur one lb, of Tartar calcined tiU it i$ 
White, then mixed with common Water, and put into an unglazed Pot 
in which it mull be boiled till all the Water is evaporated, ^ j. 



Red Powder. 



I. 

Take of Saltpeter 6 lb, of Sulphur one lb, of Amber lb fs, and of red 
Sanders one lb. 



2 . 

Take of Saltpeter 8 lb, of Sulphur one lb, of Paper dried and pulve- 
rized, then boiled in Water of Cinnabar, or Brahl Wood, and dien 
dried, one lb. 



Yellow Powder. 

Take pf Saltpeter 8 lb, of Sulphur one lb, of wild or baftard Saffiron,' 
liril boiled in Brandy, then dryed and pulverized, one 15. 

a 
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Green Powder. 

Take of Saltpeter lo lb, of Sulphur one lb, of rotten Wood boiled 
with Verdigreafe and Brandy, and then well dried and pulverized, 2 lb* 

Blue Powder. 

Take of Saltpeter 8 lb, of Sulphur one lb, of the Saw-duft of Linden 
or Lime Tree l^ood boiled with Indigo and Brandy, then dried and pul- 
verized, one Ibrf 



CHAP. XVI. 

Of Silent Powder. 

S OME People have taken it into their Heads to relate a great many 
wonderful things of this Silent Powder^ (which is by Ibme very im- 
properly called Deaf Powder) and have treated of it in a very prolix 
Manner ; To avoid which, and to prevent my being tirefbme to the 
Reader, I ihall here only infert fome Compofitions, whieh I have found 
to be the moft excellent and bell approved of. 

I. 

Take of common Gun-pmder 2 lb, of Venetian Borax one lb j thefe 
Ingredients being well pulverized and incorporated together, let them 
be afterwards corned. 

Take of common Gun-powder 2 lb, oi Venetian Borax one lb, of La- 
pis Calaminarh Ibfs, of Sal Armoniac Ibfs; pulverize and incorporate 
them well together, and corn them as before. 

3 - 

Take of common Gun-powder 6 lb, Powder of live Moles calcined in 
a glazed earthen Pot lb fs, of Venetian Borax lb fs. 

4. 

Take of Saltpeter 6 lb, of Sulphur 8 lb and I, Powder of the inner 
Rind or Bark of Elder lb fs, of common Salt burnt 2 lb. Corn all thi« 
after the ufual Method. 

2 lhall to this add another thing which you may make the Experi- 
ment of i for my part I never did, though it is taken out of the Natural 
Magic of the Sieur de la Porte^ who lays, that if you add burnt Paper 
tp the Compofition of Gun-powder^ or the double Of common Hay Seed, 
well beaten, it will weaken it very much, and prevent it froeb calling 
out fo much Flame, or making fo much Noife. People of Senfe, and 

fttch 
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fuch as are the moft deeply verfed in this Art, attribute the Noife or ra- 
ther the frightful Clamour of Gun-powder^ to the violent Concuffion 
of the Air, which is impatient of being fo fiirioufly difturbed, by fuch 
a ftrange and extraordinary Agitation : But of this we fliall fpeak more 
fujiy in another Place. However in favour of Silent Powder^ I muft 
here quote the Opinion of Scaliger^ taken from Lib. XV. in his Exer. Ex- 
eter. contr. Card, de Subtil. Exer. XXV. Tou are much more out of the 
way to attribute the Noife heard upon the Difcharge of Warlike Machines 
to Saltpeter j for being reduced to a fine Meal it lofes all its little Caverns 
or Pores. (You muft here remember what was faid above of the Deto- 
nation of Saltpeter.) Thunder is caufed by the Complofion of the Air, as 
well with refpeSt to its Clap as its Sound j which fometimes provokes Mirths 
fometimes excites Laughter., and obliges us to jhut our Nofirils together. 
Except you would perjitade us that there is Saltpeter above us: But truly 
there is none in the Clouds, ^he Powder which you mention to have been 
invented at Ferrara, made no Noife j becaufe it impelled without Vio- 
lence. 

From hence it is eafy to conceive what may be the Caufe of the Noife 
which Gun-powder feems to make. For there is nothing further extraor- 
dinary in the Compofition oi Silent Powder, than that certain Ingredients, 
a great part of which I have mentioned in this Chapter, have an occult 
Antipathy to Saltpeter, and weaken the common Powder when mixed 
with it. Farthermore, there are fomePerfons who affirm, that if you be- 
fmear your Hands with the Gall of a Pike, and immediately handle and 
mix Gun-ponoderdSxm. with them, it will have that weakening Effeft upon 
it. But I fhall leave this,to thofe who have Faith enough to rely upon the 
Authors who have made the Experiment Thus we find by the above 
Paffkge from Scaliger upon this SubjeAj That Gun-powder does not 
make that fhocking Detonation, which is heard when any of thofe War- 
like Machines are difeharged : But that it is owing to the violent Com- 
plofion of the Air, which is difperfed by the firing of the Piece. We 
cannot give you a more familiar Inflance of the Truth of this, than the 
Wind-Guns which arc charged with nothing but Air, 



CHAP. XVII. 

Hm to prove the Goodnefs of Gua-powder. 

^T^HERE are three dififerent ways of proving Gun-powder, (viz.) by 
the Sight, the T'ouch, and by Fire. As to the firftj when you 
perceive your Powder more black than ufual, it is a certain Sign that it 
is too moifts and if you put it upon fome white Paper, and find that it 
2 blackens 
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blackens it, you may afliire yourfelf that there is too much Charcoal a- 
mongll it i but if it be of a deep Afh Colourj inclining a little to the 
Red, it is a fure Token that your 'Powder is good. 

We try Gun-powder by the TCouch after this manner. Bruife Ibme 
Grains or Corns of it with the end of your Finger, and if it readily dif- 
pcrfes and yields eafily to the PrclTurc of your Finger, you may con- 
clude that there is too much Charcoal in it. If upon fqueezing, or pref- 
ling it a little llrongly, upon a marble or fmooth wooden Table, you feel 
Particles that are harder than the reft, which prick you a little, and that 
cannot be cruftied without fome difficulty, you may infer that the Sul- 
phur is not well incorporated with the Saltpeter^ and that confequently 
the Powder is not duly prepared. 

In Ihort, you may determine with the utmdft Certainty concerning the 
Goodnels or Badneis of your Gun-powder by means of Fire^ as follows : 
Lay little Parcels or Heaps of Gun-powder upon a clean fmooth Table, 
at the diftance of about 2 or 3 Inches from one another, and fet fire to 
one of them j which If it blows up at once, without catching hold of 
any other Parcels, and makes a little fort of an acute Noife, or produces 
a white, clear Smoke, riling with a very fudden Velocity, and appear- 
ing in the Air like a little Circle or Diadem of Smoke j you may depend 
Upon its being perfedlly well prepared. ' 

If after the Powder is enkindled there remain any black Spots upon 
the Table, it will be a Sign that there is a great deal of Charcoal in it 
which has not been fufficiently burnt} if the Board is as it were grealy, 
you may be afliired that the Sulphur and Saltpeter have not been fuffi- 
ciently purified, or purged of that noxious and vifcous Humour, which 
is natural to both the one and the other of them. If you find any fmall 
Particles which are white, or inclining to Lemon-Colour, it will be a 
Mark that your Saltpeter is not well clarified, and confequently that it 
ftill retains earthy Particles^ or common Salt } and moreover, that the 
Sulphur is not pounded or ground fine enough, nor fufficiently incorpo- 
rated with the two other Ingredients of the Compolition. 

I fhall not here fpeak of feveral kinds of Inftruments, which Pyrotech- 
nicians commonly make ufe of to prove the Strength and Virtue of their 
Gun-powder : Having often heard that equal Q^ntities of one and the 
fame fort of Powder, have blown up that which covered them, to feve- 
ral, and different degrees of height. You may, if you pleafe, fee the 
Figures of fome of ffiem in Furtenbacb, and others. 
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CHAP. XVIII. 

How to foriifie weakened Powder, and to reflore that which 
h damaged to its firji Vigour. 

W E call that, damaged, decayed, or weakened Powder^ which is 
much degenerated from its firft Vigour, and the Strength it was 
indued with at its firft Preparation. We can attribute its Decay or Im- 
becility to no other Caufe, than to the Weakening, or Diminution of the 
natursd Virtue of the Saltpeter, or elfe to its actual Separation from the 
Sulphur and Charcoal* And this may be owing to two feveral Accidents, 
(•oiz.) to its being cither fuperannuated or too old, or to its being too 
tnoift. I fay fiiperannuated ; becaufe the Saltpeter is greatly affe<fted by 
the Decay of the Charcoal, which is naturally fubjedt to Corruption after 
a certain term of Years. Then as to Moifture, it is a means of making 
the beft part of the Saltpeter feparate itfelf from the Sulphur and Char- 
coal', becaufe as Saltpeter is generated from a Water, or from a certain 
Saline Humour, (juft as all other Salts are refpedtively produced from 
theirs) it difiblves, and returns to its firft Form, whenever it is any way af- 
fedted by Humidity : And thus withdrawing itfelf from the two other 
Ingredients which adhered to it, it either exhales, or finks down to the 
bottom of the Veflel in which it is kept (if it be made of Clay, hard 
Stone or Earth) where being fubfided it remains j and therefore in this 
Cafe the Powder towards the Bottom is heavier than that towards the 
Top. But if it be kept in Casks, Barrels, or any thing made of Wood, 
it perfpires through the Pores of that light, or rare Subftance, and re- 
aftiimcs its original Nature j and confequeatly leaves the reft of the 
Compofition the lighter by its own Weight, which before conftituted 
the greateft part of the Weight of the whole. But in this Cafe, neither 
die Sulphur nor Charcoal will be diminifhed in Weight j becaufe it is 
not in their Nature to be difiblvcd by any Moifture ; on the contrary. 
Charcoal attrads and imbibes it greedily, and thereby becomes the hea- 
vier. Now if you would reftore Powder that begins to decay, or rein- 
ftate that which is perfedly failed, in its firft Vigour, you may do it af- 
ter three ways: and Firft, Make a Lye with 2 Meafures of Brandy, one 
Meafure of purified Saltpeter, one Meafure of good White-wine Vine- 
gar, I a Meafure of Salprotic, \ a Meafure of Oil of Sulphur, and \ a 
Meafure of Camphire diflblved in Brandy ; this Uxhium being ftrained 
through a coarft ftrong Scarce, fpriakle or moiften your damaged 
Powder frequently with it, and dry it in the Sun in wooden Vefiels, then 
carry it into fomc warm dry place where no Damp can come at it. 
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The Second Method of recovering decayed Gur^moder is this. Firft, 
fee how much your damaged Powder has loft of its Weight, and upon 
finding the Difference between its Weight now, and when firft made, 
fopply the Dificrence with an equal Quantity of fine purified Sakpeten 
as for Example j let the Weight marked upon the Cask be looolT', 
and if upon weighing it now, you find that at is but 920 ; the Diffe- 
rence between the firft and fecond Weight will be 80 j therefore you 
muft add 80 lb of Saltpeter to the vitiated Powder then put it all in 
little Heaps, and pound it, or grind it well after the ufual manner, and 
corn it as before. 

In Ihort, the Third Method of reftoring weakened Guu-powder is as 
follows, and is the fimpleft of them all, and the moft frequently 
pradrifed by Pyroiedmicians and Powder-Makers. Pour out upon coarle 
Cloths, or well-jointed Planks, equal Proportions of damaged Powder, 
and fuch as has been newly made, and mix them briskly together with 
your Hands, or Wooden Shovels 5 then dry it all in the Sun, and put- 
ting it up again in your Barrels, keep it in fome convenient Place till it 
is wanted. 



CHAP. XIX. 

Of BttiMiflgs <tftd Magazines fir the prefirvivg of Gun- 
powder, together with fever al Obfervations on the flowing^ 
and keeping it ficure from Firdy Motfiurey Bcc. to the end 
that it may remain enttrey and in the full Pojfejfion of its 
firfi Vigour^ 

A FTER a ftri(ft Examination of the Warlike Machines of the 
Ancients, we muft allow that they fall fhortof out Artillery^ which 
has been in ufe for thefe laft Ages : Our Gun-powder is now the very 
Nerves and Life of War j and is the moft powerful Means that has 
ever yet been invented, of procuring an happy IlTue to the Military En- 
terprizes of Princes, and to decide the Diiputes of the moft Mighty 
Monarchs of the Earth. But you will fay, that our Machines are ufe- 
Icfs inadive Bodies, if you deprive them of Gun-powdery or if you 
fupply them with fuch as may be ill-prepared, or damaged : There- 
fore it is of the higheft Importance, that we be careful in the Prepa- 
ration and Confervation of it; and fo to order Matters, that fuch a coftly 
Thing may not fail of performing the Service and Execution you ex- 
pefted from it. I have fpoken fufficiently of the Preparation of it in 
the xivth Chap, of this Book j but I do not think of clofing it till I 
have faid fomeihing farther upon that Article. In the mean time let 
us confider of a proper Situation for our Repoftories or Magazines for 

keeping 
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keeping Gun-powder^ together with the proper Form and Conftruftion 
of fuch Buildings, that they may be exempt frorti thofe Accidents which 
may have the moft dangerous Effcdls upon them. 

You muft, in the JirJl Place, pitch upon a Spot of Ground, which is far 
from any Marih or Swamp j which is not in a narrow clofe Valley, nor 
in the Neighbourhood of any Spring or Pond j but let it be upon a mo- 
derate Height, in an open Country difincumbered with Woods, and 
very dry. 

Secondly, let it be as far as pofiible from any oxh^r Buildings, becaufc 
of feveral Inconveniendes that may arife from their Proximity ; again, 
let it be in an unfrequented Place, at a good diftance from any Roads 
or publick Paths, where People commonly refort. 

thirdly, let it be well covered and defended from any Danger of the 
Enemy’s Cannon; which may be ealily provided againft, by building 
your Magazines in that Quarter of the Town, which fhall be judged the 
moll difficult of Accefs, and the leaft fubjed: to the Attacks and Storms 
of the Befiegers, As for Example, in any Place that is encompafied 
with a Morafs, or Lake, or a wide rapid River, or in Ihort by the Sea 
itfclf. In the other Quarter of the Town which is the moft defencelefs, 
and confequently the moft in danger of the Enemy’s Attacks, you 
Ihould build very high Houfes and Edifices, whether Publick or Private, 
in order to cover your Magazines from the Befieger’s Batteries, and 
keep them out of their Sight. For this Reafon your Magazines fhould 
be but one or two Stories of a moderate Height, and covered with a 
low Roof. 

In xh&Fourtb'Ph.ce, let them be in the middle of your Curtains, and not 
In the Baftions, or near Bulwarks 3 that you may avoid the danger of 
Mines, Galleries, and fecret Saps of the Enemy 3 or in fhort at the 
greatefr difrance from the Ramparts of the Town, that you may be fo 
much the fafer. 

In the Fifth Place, thefe Buildings fhall be clofed up with flrong, thick 
Vaulting within, very firmly cemented, left during the Siege any 
Bombs or Shells, &c. falling upon them, fhould force a Way through, 
and be attended with pernicious Confequences to your Powder. The 
Roof muft not be covered with Laths, Slate, or Tiling of any fort, but 
with Sheet-Lead, or (what is much better) with fubftantlal Plates of 
Copper. Again, I would have the Outfide of the Roof be of a Sphe- 
rical Form, that you need not be obliged to have any Carpenter’s Work 
in it 3 fuch as Beams, Timbers, Planking 3 but that the Tiles, or what- 
ever elfe covers it, may be fixed upon a ftrong Wall, fecurely cemented 
on all Sides with good Mortar. 

Sixthly, a Square Building will be the moft convenient of any Form 
or Figure whatfoever; though I do by no means difapprove of fuch as 
are built Round, or in Form of a Dome, as being the moft capacious of 
all, and over which the ftrongeft Vaults may be built, becaufe of the 
* Rotun- 
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Rotundity of their Conftrudtion. But if you would build a fquare one, 
take care to ered the four Fronts of it, facing the four Qimrcers of the 
World. 

Seventhly^ let the Door be always on the North-Side. 

Eight hlfy let the Apertures or Windows be as fmall as poffible, very 
narrow, and fccured with llrong Copper or Brafs Bars, fubftantial Shut- 
ters, and flrong Grates of the fame Metal. 

Ninthly, let the Bricks you intend to build your Ptmder Magazines 
with, be two Years old before you ufe them, and take great care that 
they be not haftily dried in the Sun. We are of Opinion, that Bricks 
which have been burned once, then moiftened, and burnt over again, are 
by much the beft of any, though they are not naturally fo tenacious 
of the Mortar i for it has been obferved, that if they are plaiftered ei- 
ther withinfide or without, the Lime or Plaifter docs not ftick upon 
them long. 

T’enthly^ and laftlyj Your Magazine being built, erefted, and co- 
vered, or roofed, as it ought to be, you (hall let it ftand and dry for the 
fpace of two or three Years, before you put any Powder into it) and 
take care not to build it in Winter-time. • 

You will lee the Jehnography and Orthographic Plan of this Ibrt of 
Buildings m Fig. 15. and 16. In the Ichnographic the Letter A 

lliows the Room or Apartment^ where the Powder ought to be kept; 

B, where the Saltpeter and Sulphur ought to be referved. And C, where 
the Charcoal, and other Materials and NecefTaries may be laid up, fuch 
as Scare es or Sieves of leveral forts, fome for lifting, and others for 
graining the Powder, old Pieces of Linnen, CanvafSj Boards, or Floor- 
ing to dry it upon : And as the Rooms will be lulEciently extenlive and 
large, you may in the fame Place ftow away empty Casks, or Barrel- 
Staves, Heading, Hoops, and fuch like Requifites. D, is the Wind- 
ing Stair-cafe, which the Italians call the Lumaca, by which you go 
up into the fecond Story. E, is the Entrance or Portico. F, the Store- 
keeper’s Lodge, or Houfe, who ought to be a Cooper by Trade. G, the 
Steps. H, the Court, or Yard, which goes round the Magazine. I, a 
little Wall fix or eight Foot high, that enclofes the Yard and the 
zine. K, the empty Spaces, Paflages, or Alleys, between the Powder 
Barrels, and L the Spaces where the Powder muft be flowed. 'Fhe other 
Dillances may be meafured with a Pair of Compalfes, as well upon the 
Jcbnographic as the Orthographic Plan. I lhall only add, that the 
Match may be conveniently preferved upon the Floor of the fecond 
Story. 

In Fig. 17. you have the Ichnography of a Powder Magazine, after 
the Defign of Eugentus Gentiliinus an Italian, who has very curioully 
reprefented one of this Nature in Chap. xliv. of his Artillery ; and is 
very conveniently contrived againft all Accidents by Fire. Let us a 
little explain the Plan which we have here offered, A, is the Inner-wall 
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of the Building, with its Apertures and Lights. B, is the Outward 
Wall, with Apertures correfponding with the Firft. C, is the Space 
between the two Walls. D, E, is the outward Breadth of the Aperture 
of the Exterior Wall of three Feet. F, G, is the Breadth of it inwards 
of I 1 Foot. I will now direct you how to make the Apertures in the 
Inner Wall of this Building. Let there be drawn from H, to I and K, 
two Lines each equal to D E, or three Feet: Now if between the Points 
E I, and D K, you produce the Right Lines E I and D K, they will 
interfedt the Inner-Face of the Interior Wall in the Points L and M* 
then let there be drawn two Lines equal to FG, or i i Foot, from 
the Points L and M, to the Points N and O j then having drawn two 
Right Lines from H to L and M ; if you railc a Perpendicular upon 
N, and another upon O, they will interfedt the Lines L, H, and H, M, 
in the Points P and Thus having drawn D F, EG, IL, OP, PH, 
HQ, Q^, andMK; you will have the Inward and Outward Breadths 
of the Lights marked out, I muft own that this kind of Edifice will 
be a little dark, on account of the double Wall, and becaufe the Inner 
Lights L, O, and N M, are exadtly covered by the Angles I and K, and 
confequently cannot let in much of the Day; befides that the Angles 
P and Q, intercept half of the Light which would otherwife come to 
L O, and N M ; but on the other hand we muft confider, that thefe 
Buildings ftand in no need of a great deal of Light, like fuch as are de- 
figned for Dwellings ; for if there is but juft fufficient of it, to diredt 
thofe who go in and out about the neceflary Bufinefs of the Place, it is 
enough. Again, the Wind coming in at D E, ftriking againft the An- 
gle H, and being broken and divided towards the Angles I and K, will 
rufti briskly in through the Apertures, and refrelh the Air which was in 
before, and at the fame time drive away and dry up all that noxious 
Moifture to which fuch clofe Places are commonly fubjed:. As for the 
neceffary Precautions of fecuring yowv Magazine from Accidents by 
Fire, you will eafily defend it from that deftrudtive Element, if you 
nicely obferve what we have already laid down, in the Conftrueftion of 
your Vaults and Roof j for as to the Apertures or Windows, they are fo 
well contrived againft any danger of that kind, that it is impoffible for 
any Fire to infinuate itfelf through them by any Artifice whatfbever. 

You may order the Door of your Magazine after this manner. The 
Outward Breadth TU, in the Exterior Wall, and the Inward Breadth 
RS in the fame, fhall be each three Feet. Then from the Angle W, 
having produced Right Lines to the Pomts X and Z, and from T and U, 
to A and Y, you will have the Outward and Inward Breadth of the 
double Entrance through the Inner Wall. The reft will be better ap- 
prehended from the Fig. itfelf, if you attentively confider it. I fhall 
only add, that B b, denote the Spaces where the Powder ought to be 
lodged, and Cc the Paflages between. As to the Orthography of 
this Edifice, and all the Proportions of its Parts, they may be invented 

at 
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at Pleafure : Neverthelefs I would have every body to follow the In- 
ftrudtion and Method of this Author, whofe Name I have already men- 
tioned. This is what I had to fay of the Conftrudtion of Magazines^ 
and proper Edifices for the lodging and preferving of Gun-powder: Let 
us now proceed to order what ought to be obierved, as well in the Pre- 
paration, as the Confervation of it after it is made. 

Know then Firft, that if you would have your Gun-powder retain its 
full Vigour, even though you fhould lodge it in fome damp Place, there 
TO remain for fome time f you need only have Saltpeter well pulverized 
and purified feveral times, according to the Method we have prefcribed 
in the Illd Chapter of this Book. 

2. Let each Ingredient have its own Scarce for its particular Ufe. 

3. Your Ingredients fhall not be mixed till they have been firft well 
dried, ground, and fearced feperately ; which done, they fhall be well 
ground, incorporated, and fearced all together over again. 

4. In pounding, or grinding them, they fhall be moiftened a little 
with one of the Liquors I have already mentioned, and fhall be often 
and carefully fhaked, or ftirred, that they may incorporate the better 
together. 

5. YovitPowder being well and duly prepared, fhall be put into glazed 
Earthen Jars, capable of containing each 100 lb, or thereabouts, with 
Covers of the fame, well luted on the Outfide with Glutinous, Bitumi- 
nous, or any Tenacious Matter, to prevent the Air, or any outward Ac- 
cident from doing it hun. I approve very well of Casks or Barrels, 
made of Fir or well-dried Oak. 

6. Your Veflels of Powder fhall be placed upon Blocks, or Logs of 
Wood, of the thicknefs of one or two Feet. 

7. Every Year during the hottefl Months, fuch as yune^ yuly^ and 
Auguji^ you fhall fpread your Powder upon Canvafs, or a Floor of 
Planks made for that purpofe, and let it dry well in the Sun and Wind, 
then lift it through fine covered Hair Sieves or Searces, and colleft the 
fine Flower or Meal that comes through; but that which remains in 
Corns fhall be put up again and covered as before, and carried back again 
into the Magazine. 

8. The Cavities and Windows mufl be opened to the Northerly and 
Eaflerly Winds, that they rufhing in briskly may purifie the Air confined 
within. On the contrary, they fhall be kept clofe againft Southerly and 
Wefterly Winds, as being commonly pernicious to dry Things. For 
Experience, that Miftrefs of Knowledge, teaches us, that the Winds 
blowing from thofe Q^rters being naturally hot and moifl, they gene- 
rally beget Taint and Putrefaction in Flower. And farthermore, you 
muft guard againft all Winds blowing from the Eaft towards the South, 
and from the South towards the Weft; becaufe all Winds ifluing from 
any Point of that Semi-circle, fill the Air with unwholefome moilt Va- 
pours, which are of hurtful Efficacy to the Human Body; and we may 

reafon- 
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reafonably infer, that as Saltpeter is extreamly fubjedt to DilTolution up- 
on the accefs of any Humidity to it, thofe Winds mull have per- 
nicious EfFedls upon Gun-powder. 

To conclude j I dare venture to afhrm that if the Rules I have now 
prelcribed for the Preparation and Confervation of Gun-powder are 
ftriftiy obferved, you may keep it many Years in full Pofleffion of its firft 
Vigour, without fuffering the leall Diminution of its Strength. And I 
flatly deny the Truth of that vulgar Notion, which teaches that Powder 
cannot be kept in Perfedion ,above 2 or 3 Years. There are thofe who 
fay that if you put a little Camphire in each of your Veflels of Powder^ 
it contributes greatly to its Prefervation. This is not unlikely, lince 
the odoriferous Smell and extream Drynefs of Camphire ftrongly repell 
all Putrefadion and Corruption which is generated by damp Vapours. It 
has been frequently obferved, that Compolitions have been taken out of 
Grenado’s and Shells of long Handing, which have been in perfed good 
Slate, and fmelt much of Camphire. From whence we may conclude, 
that a Mixture of Camphire with Gun-powder contributes pretty much 
to its Prefervation. But I lhall /peak more largely of this in another 
Place. 



CHAP. XX. 

Of the Properties and particular Offices of each Ingredient 
concerned in the Compojition and Preparation of Gaa- 
powder. 



mull not think that Gun-powder was cafually, or accidentally 
difeovered j but on the contrary, that it was invented and per- 
feded, by found fpeculative Reafonings, drawn from the Principles of 
Natural Pbilofophf j inafmuch as no Man to this Day could ever yet 
(though many have endeavoured at it) contrive an Alfemblage of three 
liich Ingredients as thefe, which being united and incorporated together, 
would naturally produce fo vigorous, fo frightful, and fo fudden a Fire, 
and at the fame time lb inextinguilhablc, and univerfally abforbant of 
their own Subllance. Now as it is no Novelty in our Age, for Men 
to add to, and enlarge upon preceding Inventions, and lince (as the 
Metaphfficiam have it) all Things that have a Beginning pafs from Im- 
jperfedion to Perfedion \ I beg leave to make fome Obfervations upon 
Gun-powder (the Inventor of it having left nothing in writing behind 
him concerning it) which though they are indeed fpeculative, are never- 
thelefs grounded upon Experience of the Nature, ElFeds, and particu- 
lar Properties of all the Ingredients which enter into the Compolition of 
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it, as well when feparated from one another, as when united into one 
Body. For I cannot but think that a few Words upon this Subjedt, 
will be fo far uleful, if well digefted, as to prevent the frequent Errors 
committed in Pyrotechnics-, a Corredlion of which is not only very dan- 
gerous, but likewife very expenlive. 

You muft know then, Fir^, that it is not without Reafon, that Gun* 
powder is compofed of thefe three Ingredients, namely, Saltpeter, Sul- 
phur, and Charcoal-, but to the End that one of them niight remedy and 
fupply the Defers of another, or of the other two. This may eafily 
be comprehended by the Nature and Effedls of Sulphur, which is of it- 
felf the very Qmnteflence of Fire, or rather a pure Flame, and is there- 
fore more proper to accend the Saltpeter than any other Fire whatfo- 
cver : But as Saltpeter being once inflamed by it, is inftantly ratified in- 
to a Flatulent or Expanjion, it would by its Violence infallibly 

extinguilh the Flame which had been conceived by the Sulphur, and 
deprive * felf of that Heat which the Sulphur would have communicat- 
ed to it : And therefore if a Compofition was made of Saltpeter and 
Sulphur only, well pulverized and incorporated together, it would in- 
deed moft readily conceive the Fire, and break out into a Flame, but it 
would inftantly go out again, for the Reafon above given : That is, the 
Fire would not be fufiiciently lafiing to confume the whole of it, but 
would only deftroy a Part, without afFedling the reft. Upon this Ac- 
count it was thought proper, that Charcoal well burn’d, dried, and pul- 
verized, fhould be added to them in a certain Proportion, as an excellent 
Thing to fupply this Defedl j for Charcoal is very fufceptible of Fire, 
and is inftantly confumed with a Flamelefs Heat i whence it happens 
that the more it is agitated by Wind or Air, the fiercer it burns till it is 
entirely reduced to Aihes. From the feveral Properties of thefe Ingre- 
dients we may eafily perceive, that any Body compounded of them, as 
Gun-ptywder is, muft not only be very fufceptive, but alfo retentive of 
Fire, even to the Combuftion of its very kft Atom -, for the Sulphur im- 
mediately catches Fire whenever applied to it, and inftantly accends the 
Saltpeter, and fets Fire to the Charcoal, which (as I have already faid) 
bums without any Flame, and glows with the greater Rage, the more 
it is agitated by the Wind or Air ; The Confequence of which is, that 
the Sulphur being unable to withftand Fite, but on the contrary being 
inftantly inflamed by it, the intenfc Heat of the Charcoal prevents the 
Flame of the Sulphur from being ejmnguiflied by the windy Expanjion 
of the Saltpeter-, therefore it continually keeps up the Flame of tFc 
Sulphur, and the Flame of the Sulphur a<fting upon th& Salt- 

peter, they muft, when they are all three duly incorporated together, 
produce fuch a Fire as is not to be extinguilhed, till the whole Sub- 
ftanceof them is confumed by it, and to all- Appearance annihilated. 

Great Care^ however, is to be taken, that neither of the three be alledl- 
cd by any improper Accident, fuch as Moifture, or a difproportionate 
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Qu^tity of its Matter. Now from what we have been faying, we may 
conclude that the true Office and principal Bufinefs of Sulphur, as it is 
an Ingredient in Gun-powder, is firft to conceive the Fire, and then com- 
municate it to the two others. That the Bufinefs of Charcoal is to re- 
tain the Fire when once introduced, by preferving the Flame of the Sul- 
phur, and preventing it from being dellroyed by the Flatulent Fxpanji- 
on of the Saltpeter, And in fliort, that it is the great Bufinefs of Saltpe- 
ter to produce a mofi: violent and refiftlefs Expanjion, and in this con- 
fifts all the moving, cxpulfivc, and adkive Force of Gun-powder ; confe- 
quently is the principal Caufe of the terrible Effects of it, and 

it muft now plainly appear that the other two Ingredients are only 
joined with it, to put it in Adkion. As a Proof of thisj if any one was 
to make a Powder of Sulphur znd Charcoal only, and was to charge any 
large Piece of Cannon with it j it would be found to be fo far from be- 
ing able to drive out a Bullet, that it would not even diflodge a Straw : 
And the Reafon of this Imbecility is felf-evident, from what we have 
already faid, having demonftrated that the expulfive Quality of Gun- 
powder is entirely owing to the Expanjion of the Saltpeter. Upon the 
whole, it would be a much eafier matter to contrive a Powder without 
Sulphur or Charcoal, than without Saltpeter: Or it would be Icfs difficult 
to find two Things, the one to perform the Office of Sulphur, and the 
other to aft in the fame nunner as Charcoal, than to meet with any Sub- 
ftance which would have ffich a violent Effeft and fuch occult Qi^i- 
tics as Saltpeter. 



CHAP. XXI. 

Of Aurum Falmiaaas or Saffron of Go\^ taken from the 

Royal Cbymiftry ^/Ofvaidus Crollias. 

KE \ of common Aqua-fortis, dijfohe in it an Ounce of Sal Ar- 

moniac, or as much as a^ little beat can dijfolve of it j thus you will 
have your Aqua prepared, in which you may (Ffolve as much Gold as 
you pleafe. Pour off this Solution into another Glafs, and drop into it Drop 
by Drop only (becaufe of the great Danger and Noife of its Effervefcence) 
of the hefi Oil of Tartar per Deliquium, or for want of that take Salt of 
Tartar diffohedin common Water-, (for you muft have a good quantity of 
this Oil of Tartar ready) upon which the Gold will precipitate to the bot- 
tom of the Glafs : And as foon as you Jhall perceive that all the Calx of the 
diffolved Gold is fettled in the bottom of the Glafs, ( which you will eaftly 
hum by the Colour of the Aqua Regis, which ought to be white-, for if it is 
yellow, it will be a Sign that the Gold is not quite precipitated-, therefore 
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in fuch a Cafe you muji drop a little more of the Oil of Tartar into it \ and 
be thou wife at my Expence :) I fay j when all the Gold is fallen, you JJ:all a 
few Hours afterwards pour off the Liquor that is upon it, in fome warm 
place, and haloing foftened the Calx three or four times with warm Water, 
let it be gradually dried, by a flow Fire in Balnea Marias; or to do it with 
the more fafety put it into a Glafs Bafon, and let it dry of itfelf without 
coming near the Fire, then gather it up with a wooden Spatula, (for you 
mufi avoid ufing any thing made of Iron,) and put it up in an earthen Pot 
againft you want it. Ohferve here, that it is very dangerous to dry it af- 
ter any other Method than what I have here preferibed ; for it is very apt to 
take Fire upon the leaf occafon, and breaks out into a kind of purple Smoke, 
and a frightful Noife not unlike that ^Gun-powder, and is fo umverfally 
abforhed by the Flame that there is not the leaf Atom of it left after its 
Combufion : And what is very extraordinary ; if you mix a little well pul 
verized Sulphur with it, and burn it in a Crucible, you will have a kind 
of QdXic very fubtile, and of a brown Colour, which is entirely divefed of this 
Fulminating Qjwlity. But that which is the mof wonderful of all is, that 
a Scruple of this Volatile Gold, is incomparably fronger, and alls with in- 
finitely more Violence than half a Pound of Gun-powder. If but a Grain 
or two of it be put upon the point of a Knife, and heated by the Flame of a 
Candle, it makes as much Noife as a Mufquet, but it is a Noife which af 
faults the Ear with fo much Violence, that the extreme Acutenefs of it deaf- 
ens thofe who are pretty near to it. I'he greatef difference that we find be- 
tween this Powder and Gun-powder that the EffeSts of the one are dia- 
metrically oppojite to the Operations of the other ; inafnuch as this bunder- 
ing Powder aUs by Dclccnt, on the contrary the other by Aicent ; for if 
(for Example) put fome Scruples of it upon an Iron Plate of moderate 

tbicknefs, and fet fire to it, it will infallibly pierce downwards through and 
through the Plate i and we may believe that the Sal Armoniac is the Caufe 
of this odd Effebl. For juft as Saltpeter and Sulphur are violent Enemies 
to one another, as may be obferved in the accending of Gun-powder, fo is 
it with the Sal Armoniac and Oil ^Tartar, whffe ^alkies are entirely 
incompatible with each other ; therefore when the Sal Armoniac comes to 
he incorporated with the Oil ^Tartar, they by the Conteft of their Antipa- 
thetical §lualities, force the Gold down to the bottom, which had before been 
diffolved in the Aqua Regis : And thus the Oil ^Tartar precipitates the 
perfeSlly pure Spirit of Nitre, which in this ConJUB unites itfelf with the 
Solar Sulphur/* Adverfary j andbecaufe this Sulphur of the 'Sun is infi- 
nitely more refined, pure, and combuftihle than the common Sort, it produ- 
ces an EffeSl proportionate to its fuperior Virtue j and this pure Nitre and 
Sulphur of the Sun aB upon each other juft as the common Sulphur and 
Saltpeter do. It is of this that Quercetanus and Sennertus Jpeak in a cer- 
tain paffage, (according to Joh. Jonftonus Adm. Nat. Claf. IV. Cap. xxvi.) 
when they fay, that the EffeBs produced by the Spirit of Nitre and Solar 
Sulphur proceed from the Contrariety and extreme Antipathy between 

them. 
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them. For as the Oil or Salt ^Tartar is poured into the Solution of the 
Goldy the Salt ^Tartar unites and incorporates with the common Sa/ty or 
the Allumy and the Sal Armoniac, which confequently forces the Gold down- 
wards ; and if by chance any of thefe Salts remain with the Goldy it mufi 
be well wajhed with hot Water, fhus nothing remains with the Gold but 
the Spirit of Nitre which is entirely incorporated with it j fo that when it 
comes to he heatedy it adheres immediately to the Sulphur of the Gold, pow- 
erfully oppofes ity and rallying all its ForcCy is lighted and goes off with a 
frightful Clap. 



CHAP. XXII. 

Of the Preparation ^Flowers oj Benjamia. 

* I 'AKE a certain quantity of Benjaminy and put it into a Glafs Alem- 
bic dr fubliming Pot, covered with a Blind Head : At the lannie 
time you muft have a Ihallow earthen Vellel with a wide Mouth, which 
you muft fet upon a Tripod, or to be the fafer upon a little diftilling Fur- 
nace^ you Ihall put your Alembic or Subliming Pot into this, and en- 
compafs it well widi Afhcs, or clfe with? well-waftied Sand, to the 
height of the Matter contained in your Subliming Veffel. Then light 
a gentle Fire under the Earthen Pot, for fear your Alembic fhould 
be too fuddenly heated, the confequence of which would be, that the 
dhlowers you extraft would be of a Lemon^colour or yellowilh Caft, in- 
ftcad of being (as they ought to be) as white as Snow. As foon as you 
perceive the Benjamin to emit any Fume, continue your Fire in the fame 
degree of Heat for a Quarter of an Hour j and as foon as you fee that 
the Flowers are foblimed; to the mner Surface of the Head, take it off 
quickly, and put another cold one on in its place, and let that which 
you took off cool at leifure upon a Sheet of white Paper j then with a 
Feather gently ferape off the fine Flowers winch you will fee fticking to 
the Head, and gather them carcftilly together. Thus you may do with 
the fecond and third Head, and fo on with feveral others till ^e Benja-’ 
min will fubHme no longer. 



Another Method to the fame Purpofe. 

Put a certain quantity of Benjamin into a glared earthen Pot, and let 
it upon hot Afhcs,. and as foon as you fee the Benjamin begin to fome, 
cover your Pot with, a great Paper Head in form of a Cone, (as the Chy- 
mifts have it, a Comet) which lhall be a very little wider than the Ori- 
fice of the Pot : Let it ftay on for about a Quarter of an Hour. Then 
take it off, and fcrape the Flowers from it j taking care to put oa ano- 
I ther 
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ther frcfli Head immediately, which fliall remain on as long as the firfl, 
then taking it off, do as before, ftill continuing to put on one Head 
after another as long as the Benjamin will fublime or exalt. 



CHAP. XXIII. 

How to prepare Camphire. 

^ I^AKE of Gum of Juniper (which is fometimes called SandaraCf 
white Varnifh, or Maftich) very finely pulverized 2 Ih, and as 
much White-wine Vinegar as will be fufficient to cover the Gum in 
a Phial : Bury it deep in Horfe-dung for the fpace of 20 Days, then take 
it up and put it in another Glafs Veflel with a wide Mouth, and expofe 
it to the Sun for the Ipacc of a whole Month. Thus you will have your 
Camphire concreted in the Form and near Refemblance of a Cruft of 
Bread. We have already hinted at the natural Properties of Camphire^ 
but ncverthelels as we make great ufe of it in our Compofitions, I fhall 
here treat of the Nature of it at large from the Teftimony of good Au- 
thors. Firft, Scaliger Exercit.ClY. i. Ipeaks of it thus. Sed ad rem 
arhorisy lachryma ejl Oapura^ ne bitumen credaSy Jicuti fuccinum bitumen 
credidijiiy &c. Tbu mufl not imagine Camphire to be a Bitumen as you did 
•with regard to Ambery but a Gum and the Difiillation of a ’Tree^ which 
fallingy is tranfported by the "tides and Currents of the Sea to Shores where 
it is buried in the Sandy in which Situation it is found all along the Coajl 
from Memel to Gcdan. this will not appear Jirange to fuch as have been 
in thofe PartSy or that have ever feen the Wefl-fide of Holland, where 
great Heaps of Sand are accumulated by the Sea, Camphire, thereforey 
can be no farther deemed a FoJJil than as it is dug up from the Sand, thofe 
are Jirangely out of the wayy who conclude it to be a Bitumen from the 
•wretched Argument of its Combujlible Nature -y for we fee the fame Pro^ 
perty in P(fny Oil and Frankincenfey and fuch like things. Again, he 
lays a little ferther, Camphoram vero cum fapientum maxima pars, fri- 
gidiffimam ftatuat, Avenrois in quinto aliam agnofcit, C^c. The Englijh 
of which is : that the greateji part of the Learned have always taken 
Camphire to be cold in the very utmofl Degree: But Averroes jpeaks of a 
fort which was only cold in the fifth Degree. For (fays he ) the Indian Cam- 
phirc, which in Arabick is called Coforalgent, heats and dries in the fecond 
Degree', therefore there mufl have been different kinds of #V, or elfe the 
Book mufl be erroneousy or the Opinion miflaken. At length if was que- 
flioned whether it was coldy which the Innovators denied. For truly it is 
•very Comhufliblcy •mil even burn in Water, and is very Odoriferous : But 
this lafl Property is derived from its fubtile Particles, by the power of 
which alfo it burns. It contains as much Water as is neceffary for it to 
preferve its Frigidity under that Form: but it bums becaufe of its Oili- 

I i nefs. 
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m/s. Sure Folly is either the Mother or Daughter of Ignorance ; for ‘who 
•would afirm that Things •which are by Nature the hottejiy are aljo the moft 
fufceptible of Fire^ fnce Fire has not altvays the moft powerful FffeSi upon 
its Likenefs ; (I mean its Likenefs with regard to Heat) but on the con- 
trary upon fuch Subftancesy the porous Contexture of wbofe Parts the moft 
readily permit it to inftnuate itfelf I find in the Commentaries of the 
Indian ObfervableSy that the Tree is of the large ft forty fpr ending its 
BrancheSy and creating a Shade a great •way round it. The Wood of it 
is very light and porouSy and the -j- Aboali addy that it is white. The 
Goodnefs of depends upon the manner of its Fxtr action from the 

Matrix, or Place •where it is formedy that isy •whether it be gathered before 
it is expelled by NaturCy or afterwards ; for fame of it is taken out of 
Veins y where it is generated like a Cruft j fometimes it burfts the Rind or 
Bark and forces a Pajfage outy where it is concreted, and looks at firft like 
Rofitty and is afterwards blanched by the SuUy or by Art. This fort is 
better than the firft \ but that is beft of ally which is whitened by the Sun: 
It aljb may be done with Fire ", which Operation •was firft performed in 
Imitation of NaturCy by Riach: a King of that Place j from whence it has 
the Name of Riachina. That which is gradually diftilled, is by much the 
pur ft and beft, and is the mft pellucid ; but that which remaim tnclofcd in 
the Subftance of the Tree, is more grofs, and of a dark Colour. There are 
beftdes thefcy two forts of a bafer kind. The one rough, coarfe, and gummy-, 
the other of a deep dusky Colour. It is to be adulterated or counterfeited, 
•with Suet, Maftick and Brandy. But, fays he, Tou may thus difcover the 
Fraud", put fame of it into the. Heart of a Loaf, and fet the Loaf in an 
hot Oven •, if it liquifies, it imll be good, and of the right fort j but if it 
dries up, you may take it for granted, that it is Jpurious and adulterated: 
They fay the right fort eajily evaporates. When you have that which is 
goody you may keep it in Marble Boxes, with Linfeed, Flea-^wort Seed, or 
Millet Seed amongft it. Jonftonus Adnotir. Nat. Claf iv. Cap. ix. Scri- 
bunt Mauri Camphoram lachrymam eflc arboris, ^c. The Moors write, 
that Camphire is the Tear of a Tree, whofe Branches fpread abroad to 
that degree, as to be able to fhelter an hundred Men under its Shade. 
They add, that the Wood of it is white and foft, and that it contaim the 
Camphire in a tight fptmgey Pith. But this is uncertain it is more pro- 
bable that it is got from a kind g^Bitumcn after this maimer. The Indian 
Bitumen, which fprings forth of the natural Camphire being put over a 
Fire in fome covered Vejfel, the finer Particles of it are fublimed by the 
Violence of the Heat, and adhere tike fine whitijh Flowers to the Cover of 
the Vejfel -, and which being colle&ed give it that Form in which we fee if. 
There are Merchants who eftirm, that the natural fort is to be fold in Incjisu 
It is fo very fond of Fire, that having once conceived it, it bums as long 
as any of its Subftance remains. It emits a bright, odoriferous Flame, 
winch being carried up and fujpended in the Air, it irfenfibly vanijhes, 
which is owing to the Sidtility of its Parts, 

To 

f A Feople of ludu fo called i but according to Plitrf, Aksti. 
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To this I (hall add, that it will be very caTy to pulverize Camphire 
for the Ufe of Artificial Fireworks^ if it be ground and pounded gently 
with Sulphur in ^ Mtwtar. The Oil of Camphire^ which anfwcra the 
fame End, is made by adding a little Oil of Sweet Altnonds^ and grind- 
ing them together in a brafs Mortar, widi a Peftle of the fame Metal, 
till all of it be turned into an Oil of a greenifli Colour. Or if your 
Camphire be good, and pure, you may flop it dole up in a Gkfs Phial, 
and put it into an hot Oven, where let it remain till you judge it to be 
thoroughly diflblved : Your Camphire will then yield you a fine, clear 
0/7, which will burn with admirable Sprightlinels. 



CHAP. XXIV. 

Of Water of Sal Armoniac. 

' f '’A'KE of Sal Armbniac of Saltpeter pulverize them very 
fine, and mix them well together ; then put them into an Alem- 
bic, and after having poured fome of the beft and llrongeft Vinegar 
you can get, upon them, diftil them over a flow Fire. 



CHAP. XXV. 

Of a certain Artificial Water, which hums upm the Palm of 
the Hand without doing arrp Hurt, 

A K E of the Oils of Naphta or Petrol^ and Turpentine^ of ^ck 
Limey Mutton Suety and Hog's^Lardy an equal Quantity of each, then 
beat them together till they are well incorporated ; which done, diftil 
them over hot Afhes or burning Coals. 



CHAP. XXVI. 

How to prepare the common Sort of Match. 

T ET there be firft twifted fome Rope, of half an Inch Diameter, 
made of the fecond Combings of Flax or Hemp, free from any of 
the Stalks. Then take of Aihte of 0<ii, AJhy £//», or Maple, three 
Pans, of ^ick Lime one Part, and make a Lye of it as ufual ; to 
this you lhall add one Part of Saltpeter j and of the Juice of Horfe 

or 
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or Ox-Dung well filtrated, and gently exp refled through a Woollen 
Cloth, or Sieve, i, Parts. Thefe Ingredients being well incorporated, fliall 
be poured upon the Rope in a Brals Cauldron, well fixed upon a Fur- 
nace i the Fire ftiall be at firfl: lighted under it by flow Degrees, till it 
is arrived to the higheft Pitch» Thus it muft boil continually for the 
Space of two or three Days, being confliantly fed with frefli Supplies 
of your Lye as fall as it is wanted, left either your Match or Cauldron 
fhould burn. In fliort, your Match having undergone this Ebullition, 
you fhall take it out of the Liquor, and wring it well, continually wip- 
ing off the Liquid which fqueezes out of it with aLinnenRag} and then 
hang it upon long Poles to dry in the Sunj after which it nwy be laid 
up in fome convenient Place till wanted. 



CHAP. XXVII. 

How U Match Fire-Rope, which will neither fmoke 

mr ^ield atty ungrateful Scent, 

AKE certain Meafures of fine Red or Carbuncular Sand, well walhed 
and dried, a Layer of which you muft put into an unglazed Earthen 
Pot, and upon that, a Layer of common Match ‘t which you muft coil 
in a Spiral Line, in fuch a manner, that there be the Diftance of half 
an Inch between each Revolution of it. Over this Stratum of Rope, 
put another deep one of Sand, and upon that another Stratum of Match 
or Rope as before, and lb on alternately Layer upon Layer, till you have 
filled the Pot, which muft be covered with a Lid of the lame, and well 
luted with Clay, that no Air may have Accefs to it. The whole being 
thus ordered, you lhall encompals it with lighted Coals, in which 
Pofture it muft remain for fome time : You lhall then let it to cool, and 
being quite cold, take out the Sand and Match. You may allb proceed 
in this manner in the Preparation of coxhmon Sponges, except thaf 
they muft be firft cut into fmall longilh Pieces. If you take lighted 
Pieces of the above-mentioned Match, and bury them in the Alhes of 
juniper Wood, they will bum fome time without any ill Smell, and 
the outward Air will not confume them fo fall as it does common 
therefore you may hide it where you will> without fearing it will be 
difeovered either by its Smoke or Smell. 




CHAP. 
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CHAP. XXVIII. 



'The Manner of preparing Pyrotechnic Sponges. 

•^AKE of the greateft and oldefl; Mujhrooms^ or 'Toad-JloolSy that 
grow at the Roots of Afl)^ Oak, Fir, Birch, and other forts 
of Trees j ftring them, and hang them up in a Chimney, where being 
macerated, take them and cut them in Pieces, and beat them vehe- 
mently for fome time with a Wooden Mallet. This done; boil them 
over a flow Fire in a ftrong Lye, with a good Q^ntity of Saltpeter 
in it, till all the Moifturc is evaporated. Then put them upon fmooth 
Boards, and fet them to dry in an Oven of moderate Heat, after 
which you mufl: beat them with a Wooden Mallet as before, till they 
are perfectly fupple and foft. Thus prepared you fliall keep them in a 
proper Place till wanted. 



CHAP. XXIX. 

How to prepare feveral forts of Quick Match for Artificial 

Fireworks. 

(hall make Match oi the Tow of Flax, Hemp, or Cotton, of 
two or three Strands, but moderately twilled, and put them in a 
new glazed Earthen Pot. Pour upon them of good White-wine Fine- 
gar 4 Parts, of Urine z Parts, of Brandy 1 Part, of purified Saltpeter 
I Part, and of pulverized or meal’d Gun-powder 1 Part. Boil all thefe 
Ingredients together over a quick Fire, till all theMoiflure is evaporated. 
Then ftrow Flower or Meal of the beft Gun-powder you have upon a 
fmooth large Plank, and rowl your Match in it j after which let it dry 
in the Sun or the Shade, no matter which. That which is prepared af- 
ter this manner confumes very fall ; but if you would have it to burn 
flower, you may make your Lye or Liquor weaker than we have above 
preferibed ; and therefore you may boil it in Vinegar and Saltpeter only, 
then powder it over with Flower or Meal of Gun-powder, and let it dry 
as we faid before. 

There is another kind of Fyrotechnic ^ickMatch,vi\\\Cti is not twilled 
at all, but is only boiled juft as it is, in the above-mention’d Compolition, 
or elfe fteeped in good Brandy for fome Hours, and then powdered over 
withF/w^/" or Meal of Gun-powder as before, and dried. There are thole 

K k who 
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who add a little Gum Arahick or Tragacauf to the Brandy^ particularly 
when they would have it ftiek faft to any thbg. 

Francis Joachim Precbtel, in the fecond Part of his Pyrotechnics 
Chap. II. gives an Account of a kind of ^tch Match which is very flow 
in taking Fire, and in burning. He thus orders the Preparation of it. 
Take of Maftkb 2 Parts, of Cohphouia or Fine Rojin^ l Part, of JVax 
1 Part, of Saltpeter 2 Parts, of Charcoal | Part, Burn them to that 
degree, that they may be eafily pulverized, and grind each of them fc- 
parately into a very fine Meal or Flower. Then mixing them well to- 
gether, fufe or diflblve them upon die Fire. This done, take your 
Match made either of Flax or Hempj of a pretty tolerable thicknefs, 
and dip it into this Compolition, and repeat your dipping till it has ac- 
quired the Size of an ordinary Candle. When you would ufc any of 
this, Light it thoroughly at firfl:, then blow out the Flame, that there 
may remain nothing but the burning Coal. 



CHAP. XXX. 



How to prepare Lututn Sapicntix or Lute. 



'T^AKE whatQiwntity of Loam you want, and dry it, beat it, and 
iearce it well, and with it mix fome Shreds of Raw Silk, or the 
Sheerings of Woollen-Cloth: Upon thcfe you muft put either Horfe or 
Afs-Dung, or Fileings of Iron j knead them well together with a fufE- 
cient Qi^antity of Whites of Eggsj and with this Pajle or Lute you 
(hall ftop up the dafs or Earthen VelTcls you intend to put upon the 
Fire. You mufl: ufe it whilR it is frelh and moiil j for after it is dry it 
will be of no Ufe to you. 

Or elfe take of White Chalk or PlaAer 4 Parts, of common Aflics h 
of Horfe or Afs^Dung dried i Part, together with a little of the File- 
ings of Iron, and Shreds of Raw Silk. Beat them firft with a Stick, 
then with a Shovel, or Wopden Pounder : After which, being well 
kneaded, they lhall be put upon fome firm Plank, or fixed Stone, and 
beaten over again, till they are fu^iendy mixed and incorporated. 




CHAP. 
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CHAP. XXXI. 

Some Excelkfft and Approved Medicines and Antidotes 
gainfi Burns by Gun-powder, Sulphur, Hot Iron, Mehed 
Lead, ^e. 

From my own Experience, 



r. 

T>OIL {omt Hog' s-‘lard 01 Fat in common Water, overagen- 

^ tie Fire, and then cxpofe it to the Air for 3 or 4 Nights, Put it 
afterwards into an Earthen Pot, and melt it over a flow Fire, and 
ftrain it through a fine Linnen Cloth, over cold Water j then wafli it 
in clear Water till it is perfectly white, and put it into aGally-Pot againfl 
you want it. This is for anointing the Part that is burnt as foon as 
poflible. The EfFe£t of it is fudden and admirable. 

2. 

Take of Plantain Watery and Oil of Italian NutSy a quantum fuj^cit 
of each. 

3 - 

Take of Water of Mallows y of PofeSy of Allum PlumCy a quantum 
fujicity and mix them well together, with the White of an Egg. 

Make a Lixivium or Lye of pure Qinck Lime and common Water j 
and add to it a little of the Oils of Hempfeed, Olives and Linfeedy toge- 
ther with fomc Whites of Eggs; mix them well together, and anoint the 
Part which is burnt with this Compofition. All thefe Ointments cure 
Burns without Pain, or leaving any Scar behind; as I my fclf have often 
experienced. 



Receipts taken from feveral others. 

Take Oil of Olives i Part, of Oil of Sweet Almonds i Part, Juice of 
2 Parts, ol Liquid Varmjh iPart; rub the Part afledled with 
this Compofition. 

If the Part happens to be bliftered^ or ulcerated, the following Oint- 
ment is very excellent in fuch a Cafe. 

Boil a good quantity of the inner Bark of Eldery in Oil of OliveSy and 
ftrain it through a Linnen Cloth; then add to it 2 Parts of Cerufey of 
burnt Leady of Golden Litharge i Part cachi put them all together in a 
Leaden Mortar, and mix and pound them till they are reduced to a Li- 
niment. Ywi muft take care not to break the lifters the firft or fe- 
I cond 
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condDay; but afterwards you may doit j for thefe Accidents are fome- 
tlmes cured by Perfpiration onlyj according to Leonardus Bottalus de 
Vulneribus Sclopetorum^ Cap. xxi. 

2 . 

Melt, into 3 ij of Water of Morell, or Garden Nighf-Jhade, and 
3 j of Oil of Saturn. Mix them well together. This is a fovereign 
Remedy. 

Or take Mucilage of Henbane ^oots^ and Flowers of Red PoppieSy of 
each 5 j, of Saltpeter ^ j. Mix them together with Oil of CamphirCy 
and make a Liniment of them according to Art. 

Or take of the Juice of Onions roafted under hot Aflies ^ ij, of Otl of 
Walnuts 3 j. Mix them well together. 

Or (if you will) take of the Leaves of Black Ivy 2 Handfuls, well 
pounded with Plantain Water j Oil of Olives i lb. Boil them all with 
\ iij of good White Wine^ till all the Wine is evaporated: When the 
Coiflion is over, put as much Wax amongft it, as is necelTary, to give it 
the Form and Confiftence of a Liniment. 

Again j take old Lardy melted by a Flame, and received in 3 ij of the 
Juice of Beet Root and RuCy of the Cream of Milk 5 j, of the Mucilage 
of ^ince Seed, and Gum Lragacant, or Dragant,of each 3fs. Mix them 
well, and make a Liniment of them. JoJepbus ^ercetanus, in Libra 
Sclopetario, tells us this is a good Remedy. 



CHAP. XXXII. 

Of a certain new Invention for meafuring Gun-powder, Salt- 
peter, Sulphur and Charcoal; together with a Scarce^ 
and feveral other Things requlftte in the Preparation of 
thofe Ingredients. 

will fee the Form of this new-invented Inllrument in F/- 
gure 18, the Conllrudion of which is very fimple, and you 
may eafily order it after this manner. Make a Cylinder with a 
Copper Plate, and folder it well. Though its Breadth A B, and its 
Height A C, or B D, are arbitrary, it will neverthelefs be better 
if you have a certain determined Dimenfion. In our Example, let us 
fuppofe a Cylinder that holds 4 15 of ordinary Gun-porwder, upon which 
Account the Side I H of the fquare Inftrument or Scale (which is juft as 
long as the Cylinder is high) is divided into 4 equal Parts, each Divi- 
fion anfwering to ilb} we then fubdivide each of them into 2 equal 
Parts denoting the half Pounds, and each half Pound into 2 other equal 
Parts, to exprefs the Qjjarters, and each Quarter into 8 equal Parts to 

mark 
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mark the half Ounces. The other Side of it (viz.) I K, is adjufted for 
the weighing of Coal, and divided and marked with proper Lines and 
Characters. Obferve here, that you cannot well divide this Side, till you 
know the Weight of the Charcoal that fills the Cylinder. For Example} 
if this Cylinder, that holds 4 lb of Gutirpowder^ holds only 2 lb of Char- 
coalj you muft bifeCt the Side I K into two principal Parts, which may be 
lubdivided in the manner we have already fpecified. What I have here 
faid of Charcoal, muft be underftood with regard to Sulphur and Salu 
peter, each of whofe particular Divifions may be marked upon the two 
other Sides of the fquare Inftrument abovementioncd. This Inftru- 
ment being adjufted, may be ufed after this manner. For Example} 
if you would meafure 2 tb of Powder, lift up your fquare Inftrument or 
Scale by the Ring at the end of it, till N® 2 exa<ftly touches the Bottom 
of the Cylinder, then make, it faft with, the Screw L, for fear it Ihould 
be preffed downwards by the Weight of xhtiPowd^. Thus you ‘may 
proceed in the Menfuration of any of the other Ingredients. 

Fig. 19. is a Scarce. Its' Height is 3 Feet, its" Length 3 4 Feet, and 
Its Breadth 4 ? Fpet. In the Body of this, at B, the Drawer C is contrived 
to go In and out, which is \ Foot high, 3. \ Feet, long, and 2 ^ Feet 
broad} into this Drawer, through a fine Hair Scarce or Sieve E, falls 
the Meal, which goes down the Ihelying Boacds in the Box A, and 
which you may take out with a little WOoden Ladle, made for that 
Purpoft, in the Form as you fee Fig. E. D is a Crofs that holds the 
Sieve with four little Iron or Wooden Pegs or Pins, thereby making it 
ferve with the more Convenience for lifting. G is a Goofe-Wing, or 
the Wing of any other Bird, for fwceping the Powder together. H is 
a dry, fmooth, wooden, mealing Table, which is on each Side inclofed 
with a Board, upon which your Ingredients for Gun-powder are to be 
ground and pulverized, or mealed. I, K, L, are Grinders, for grind- 
ing your Ingredients upon the above .Table. M is another Table with 
a fquare Hole in the Middle of it at N, which is fliut up clofe whilft 
the Materials are grinding and pulverizing, but open^ when you 
would withdraw your Ingredients. 
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BOOK III. 

Of Rockets. 

OCKE^S have always held the firft Rank of the 
feveral forts of Fireworks^ that have been for fo ma- 
ny Years paft in Vogue. The Latins called them 
Rocheta^ and the Greeks^ Pyroboli ; which laft De- 
nomination does not ftridlly agree with what we un- 
derRand by a Rocket ; inaimuch as proper- 

ly fignifies Pela Ignita, or Fiery Darts. The Ita- 
lians call them Rochette and Raggi ; the Germans, Steigende Kafteny Ra~ 
getten and Drachetten j the French, Fuzees j and the Poles, Race. So 
much for their Names-, but as to their Invention, it is certainly as an- 
cient, as the Conftru6Hon of them is now common and familiarly 
known to Pyrobolijis and Fire-Engineers j which, tho’ it may at firft 
Sight appear very eafy and fimple, yet it requires the utmoft Labour 
and Skill to bring them to Perfection, and is the firft Task enjoined to 
the Difciples of * Prometheus, who would learn the artful Management 
of Fire. And truly I think it very reafonable that this ftiould be their 
firft Work, inafmuch as all the Ibrts of Fireworks exhibited for the pub- 
lic Diverfion, fuch as Fire-wheels, Cymetars, &c. make but an imper- 




* He is fabled by the Ancients to have made Man of Clay or Earth ; and to have ftolea Fire 
from Heaven wherewith he animated the Maa fae had made. 

fedt 
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fe<a Appearance without them. I therefore thought myfelf obliged in 
this Wrd Booky to inftrudt you in the due and proper Methods of pre- 
paring them } to fhew you their different Forms and Conftrudion ; and 
to difplay the particular Ufc they are o£ 



CHAP. I. 

Of Small and Middling Rocket-Moulds. 

SORT I. 

jD OCKEl*~MOULDS are commonly made of Brafs or Lattin j or 
^ they may be turned of fome hard Wood, fuch as Cyprefs, Palm- 
tree, Chefhut, Box, Walnut, Juniper, Wild Plumb, &c. But if you 
would have them formed of more valuable Materials, you may make 
choice of Ivory, or fome fine Indian Wood. Workmen do not always 
obferve the fame Proportions in the Dimenfions of them, no more than 
the fame exterior Ornaments in adorning them; and in this they 
verifie that Proverb, which fays. As many Men^ fo many Minds. I fhall 
now give you the Proportions of fmall and middling Rocket-Maulds j 
(obferve here that we call thofe Bocket-Mmlds^ fmall, whofe interior 
Diameter or Orifice cannot receive a Leaden Ball or Bullet that exceeds 
I lb: the middling Sort, are fuch whofe Diameters dan admit Bullets 
from I lb to 2 lb , or 3 lb at the fartheft : and thofe arc called great 
MouldSy whofe Diameters can admit of Balls fi*om 2 lb to 100 lb. ) as to 
the Moulds of the larger Sort, I fhall fpeak of them in the following 
Chapter. The firft Mould then is after this Fafhion. In Fig. 20 . 1 fup- pjg 
pofc that the interior Diameter of the Mould (viz.) A, B, is equal to the 
Diameter of a Leaden Bullet of i lb j and that the Height of the Mould 
from Y to E, is 7 of the aforefaid Diameter; and that from E to G is 
the Height of the Breech or Bottom, which flops up the Mould whilft 
the Rocket is driving ; which is 1 y Diamtter. You mull here take No- 
tice, that it is the common Pradtice of Fyrobolifis to meafure the hollow 
Cylinders or Orifices of Rocket-Moulds by the Diameters of Leaden Balls. 
To return then to our Subjcdl : upon the Bottom you have a folid Cy- 
linder whofe Diameter is C, D, or \% of its Height, which is 1 Diameter 
of the Orifice : This Cylinder is crowned with the Hcmifphcrc or Half- 
Bullet L O P M of I of the fame Diameter. As to the Ornaments 
in general, they mull be left to every one*s particularFancy ; but we mofl 
c<»nmonly affedl an Imitation of the Columns of Architedlure. In our 
Figure the Height of the Capital is one Diameter. Now to form the 
feveral Members of it ; this fame Diameter being let off from Y towards 
G, upon the Line Y, G, you fhall iriicdl it into 3 equal Parts; each of 
I which 
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which (hall bft fubdivided into other fmaller Parts. Moreover from F 
to K you fliall fct off one Diameter for the Members of the Bafe. I 
(hall be more particular upon this Head when I come to the Explanati- 
on of the following Figure^ which is more artfully wrought, and more 
adorned than this : But in the mean time you may take all the Propor- 
tions of this with a pair o£Compaffcs. The Thicknefs of the .Mould 
from A to W, and from B toX, as likewife from S to Z-; and from A a 
to R, and then down to T and U, is i f a Diameter of the Orifice of the 
Mould i but from F to C it is a whole Diameter, and in ihort from G to 
H it is 3 of the fame Diameter. I is an Iron Pin that runs through the 
Subffance of the Mouldy and through the Cylinder upon the Bottom, to 
keep them together whilft the Rocket is driving. 

SORT II. 

Fig. ai. In Fig. 2 1. the Height of the whole Mould G, E, is 9 of the Diame- 
ter A, B, two of which are taken up by the Bottom. A, B, C, D, is 
the Hollow of the whole Mould. A, N, or G, L, is the Height of the 
Capital of it, and is 1 1 of the Diameter A, B. Now this Diameter being 
divided into 80 equal Parts, it will expedite our taking the Proportions 
of all the particular Members of the Capital. Firll then, in going 
downwards, the Sloping Cornilh Ihall be 7 Parts high j the Lift of it 3 j 
the Eehinus reverfed 7 ; the Lift of that 3 j the Cymatium or Doric 
Gule-rcvcrs’d 75 the Lift of it 3 j the upper Band lO} the Face 10 ; and 
the nether Band 10 alfo; the Reglet 2 j the Apophyge 10 j the upper 
Ring 2 ; the Aftrj^al4j and- the nether Ring or Neck of the Column 2: 
the Projei^res of one and the other Lift or Fillet is 5 Parts y as is 
alfo the Retreat of the Face. The half Diameter of the Doric Gula 
Ihall be taken upon the Perpendicular of the Face, and upon the 
Reglet that is under it j but the Semi-Diameter of the reverfed Echinus, 
(hall be taken upon the Perpendicular, that defeends from K upon A, Gj 
as for A, K, it (hall be 30 Pans of the Diameter. The Semi-Diameter 
of the nether Echinus anlwers to its own Height. The right Line U, F, 
terminates the Projefture of the Lifts or Rings on one Side, and the 
Line I, E, on the other ; but that would be cncreafed if from B and U, 
and A and I you allow 60 Parts of the Diameter. Know alfo that thefc 
right Lines determine the lower Part, or Bafe and Pedeftal of the Mould. 
The upper Thicknefs of the Mould as far as the Aftragal is f a Diameter 
of the Orifice or 40 Parts, but the Lower Thicknefs of O, P, upon the 
Bafe is 50 of the fame. All the Thicknefs of the Middle or Shaft of the 
Mould is terminated by the right Line M, O, but the Thicknefs of the 
Bafe by that other Line E, W, upon E, I ; the whole Bafe is i ^ Dia- 
meter in Height. Let us now fpeak of the feveral Members going up- 
wards: Firft then, the Plynth is no Parts high} the little Echinus re- 
verfed 8 } the Lift under it 2 } the Doric Cymatium 6 j the Reglet 2 } 

the 
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the Tore 6 j the Liftel 2 y the Projedure of the Lifts, and the Semi-Dia- 
meters of the Echinus reverfed, and Doric Cymatium, aitfwer to their 
refpeftive Heights. The Members of thePedeftal are the little Tore which 
is 3 Parts, and the Reglct but two Parts only. The Diameter of this {viz.) 

E, F, is 3 of the Diameter aforefaid. The Cylinder C, Q, R, D, upon the 
Pedeftal is one Diameter in Height, and its Thicknefs R, is 78 Parts 
of the fame Diameter : The Diameter of the Hemifphere upon the 
Cylinder is i of the Diameter of the Mouldy and confequcntly 60 Pans 
of it. This is what I have to fay of the lefler Rocket'-Mouldsy as well of 
the leaft as the middling Sorts. If therefore you would fuccced in your 
Attempts in this kind of Work, you muft take care nicely to obferve the 
Proportions we have laid downs but indeed the outward Embellifh- 
ments may (as we have already faid) be alter’d, and varied according to 
the Fancy of the Perfon who makes them. Befides thelc two Figures, I 
prefent you a third (viz.) Fig. 22. by means of which we may determine Ffg. aa 
the proper Dimenfions and Ornaments of great Rocket-Moulds -y and 
irom thence find the due Proportions of thofe of lefler Sizes* That 
which I have given in this Figure is but of one Loth or half Ounce i 
and from thence we may find out Moulds for the h h i» *0 Part of a Loth 
after this manner. The Bafe of the Figure A B, is divided accordmg to 
a Cubical Ratioy and upon the Points of Divifion you have Perpendicu-^ 
lars cre(ftcd, which arc terminated by the Secant C, D, which muft be 
produced from C to D j provided that B C, which is the Height of a 
Mould of one Lothy be 9 Diameters of its Orifice or hollow Cylinder; 
and then all the Perpendiculars may be drawn of the fame Proportion as 
to Height. 

Obferve here that the Semi-Diameters or Radii of the Qu^adrants, and 
the Lines produced to the Extremities of them, in the Figure of the 
Mould of one Lotby denote the Thicknefs of the Mould in the Places 
where their Centers are fi mated. To conclude; what we have here 
faid concerning the Proponions of fmall Rocket-Moulds found out by 
means of a larger, may be inverted ; and you may reciprocally have the 
Proportions of large Moulds by means of one of the fmaller fort. . 



CHAP. II. 

Of great Rocket-Moulds. 

W E have in the foregoing Chapter limited the Proportions of fmall 
and middling Rocket-Moulds ; having allowed them 7 Diameters 
of their hollow Cylinders without reckoning the Bottom : And it muft 
not be wondered that I have taken this Liberty ; my continual Expe- 
rience, and the moft valuable part of my Life which has been devoted 

Mm t« 




34 Of theGreat Art of Ar.t:iujev.y. Book III. 

to this kind of Study, having fufficicntly confirmed my Practice, and 
convinced me that they neither can nor ought to be made othcrwife, if 
you would have them to anfwer as they fhould: And the Authority of the 
moft modem Pyrobolijis will fupport me in what I have laid down; for 
to fpcak my Mind, it is in vain for you to feek after thcfe nice Propor- 
tions in the Writings of the Ancients j for if you compare them all to- 
gether (I aflure you, I have now before me at leaft a couple of Dozen of 
Authors who have written on Pyrotechnics^ you will find them not only 
widely different from one another, but likewife entirely contrary to my 
Obfervations, and (if I may fo iay) Diametrically oppofite to my Pra- 
fticc. But be this as it will, I fhall give you fome of their Rules and 
Directions to confirm my Affertion. Firft then ; Brechtelius in the fe- 
cond Part of his Pyrotechnics Chap. IX. faith, That the Mould of a 
Rocket of one If, ought to be the Height of 2 Fingers, and the Diame- 
ter of its hollow Cylinder the Breadth of two of the fame. Here the 
Diameter and Height are in a Subquadruple Proportion to one another ; 
but he increafes his Moulds by adding fucceflively i of a Finger both to 
their Breadth and Height. From this Progreffion this confufed Difpro- 
portion will arife. That a Rocket-Mould of 17 lb will have its Diameter 
in a -f- fubduple Proportion to its Height j and the Diameter of one of 
100 lb will be within a little more than -J of its Height : Thus the Dia- 
meter and Height will be to one another as 106 is to 13 1 ; but as this 
Number is a Surd, it cannot be reduced to the lo weft Term. However 
the Height will be to the Diameter in a fijperpartient Proportion or as 
1, Parts. You muft here again obferve that the Diameters of his 
Moulds are not increafed in a Cubical Ratio as they ought to be, but by 
an uniform Progreffion (namely) by the Addition of ^ of a Finger j and 
that the Heights of his Mbulds are moftr fadly proportioned to their Dia- 
meters : Upon the whole, I am perfijaded that this good Man never made 
any Rockets in his Days, that exceeded one or two 15 ; for it would have 
been impoffible for him to make filch ill-contrived Things depart, or ob- 
lige them to mount up, they being almdft as broad as they were long. 
This is not the leaft Defcdt when he fays, that the Diameter of 2i Mimld 
of one 15 ought to be 2 Fingers; for it being certain that 2 Fingers ex- 
actly conftitute the Diameter of an Iron Bullet weighing one 15 of No- 
remberg'y it will follow, that the Diameter of a Mould of too 15 will ac- 
cording to his reckoning be 26 Fingers and 7. Now if wc fuppofe this 
Diameter to be that , of an Iron Bullet, it ought to weigh 2326 15 
3 Ounces : But if we fiippofe ir to be the Diameter of a Leaden one (in 
purfuance to the prefent Practice, as I before hinted) fuch a Bullet Ihould 
weigh 3350 15 13 Ounces. By this^ any one may readily perceive the 
wretched Miftakes Has fallen into, and how abfurdly he rea- 

foned upon this Hfeatf; and'confequently take care not to- mind what 1 » 
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teaches. 'Johannes Schmidlapius is the fecond of thofe Pyrobo- 

lijis I fhall mention, who lived fome time before Brecht elins. He would 
have the Moulds of all Rockets be the Height of 6 Diameters of their 
Orifices; as for the Diameters themfelves he increafes them after this 
manner. He divides the Diameter of the firft Mould into five Parts 
(which he fijppofcs in his Figure to be equal to that of Loth or half 
Ounce of Lead) and adds two of thofe Parts to the firft Diameter to con- 
ftitute that of the fecond Mould. This is the Order he obferves in the 
Conftruftion of Moulds ad Infinitum. But to fpeak my Mind as to this 
Matter ; he allows too great a Height to his larger Moulds., and has if- 
figned no certain fixed Meafure for the Diameters agreeing with the 
Diameters of Leaden or Iron Bullets. However I have often tried, and 
found that Diameters increafed after the manner he preferibes, obferve 
the following Progreffion with regard to Leaden Bullets; (namely) the 
iecond Diameter containing ^ of the firft, is exadtly the Diameter of a 
Leaden Bullet of 3 Laths : The Third containing f of the fecond Diametef 
aofwers to that of a Leaden Bullet of 7 Loths j the Fourth of | of the 
third Diameter is eqiral to the Diameter of a Leaden Ball of 20 Loths : 

The Fifth containing f of the fourth Diameter is equal to that of a 
Leaden Bullet of one ilj 22 Loths : The Sixth f of the fifth Diameter is 
equal to the Diametdfr of a Leaden Ball of 4 lb 26 Loths : The Seventh 
? of the Sixth, to the Diameter of a Leaden Bullet of 13 15 : The 
Eighth y of the Seventh, is the Diameter of a Leaden Ball of 3^ 15 : 

And to conclude ; the Ninth j of the Eighth is equal to the Piameter 
of a Leaden Bullet of 98 15 , From what I have here been faying, it 
follows, that this Author has not afeertained any fix’d or limited Propor- 
tion to increafe the Diameters. But this is pretty excufable, and we do 
not condemn him entirely ; inafimich as he has taken upon him to ftiew 
us, how to make Rockets of fuch Si2«s, that a imall CMie may exadtly fill 
up the Hollow of a larger. This may be eafily conceived ; for if (for 
F^tample ) you take the Diameters of 9 Rockets, beginning from one 
Lotbi to fuch a Number of Pounds as we have fpecified above; the 
E^ht Firft being put into one another, they will all very conveniently 
go into the ninth and laft Rocket, the Diameter of whofe. Orifice 
is equal to that of a Leaden Ball of 98 lb : But you muft take care that 
the Paper of your fmall Cafes, and the Wood of the great ones, do not 
exceed , of their refpe< 5 tive Diameters. Thefe two Pyrobolifts I have 
now been fpeaking of, are the moft ancient I can recollc(ft ; the firft ha- 
ving printed his Pyroboly about 59 Years ago ; and the other publiftied 
his about 90 Years fince. Amongft thofe of the lateft Date, we find 
Diegus Ufanus, This Author, in Chap. XXVI. of , the third Treatife of 
his uirtfllery, determines the Heights of little and big Rockets to be 6 or 
J their Diameters : Therefiare in this, he comes pretty near to the 
Proportions of our fmall Rockets % but differs widely from our Rules 
with regard to Great ones. But the moft modern and moft excellent Py- 
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rt^Ufi of all thofc I ever read (without dilparaging Adrian Roman, 
yames Valbaufe, Furtenbacb, FronUhtrgue, and feveral other worthy 
Perfons, who have treated learnedly on this Subjedt) is one called 
zelUtus Gallus, who by his Name ihould be a Frenchman : This Author 
makes the Moulds of all his Rockets from one Loth to 6 15 to be 6 Dia- 
meters, and it is in this that he dilkgrees the mofl from us : But as 
for great Rockets (in which confifts the whole Secret of the Art) he 
fays, it is fufficient if they be 4, 4 or 5 Diameters in Height; 
here he approaches very near to our Proportions. As for our Ob- 
fervations on the Conftruftion of great Rockets^ we here prefcnt you 
with a Mould (Fig. 23.) calculated for the making thofe of 20 15 , I ha- 
ving fuppofed the Diameter of the hollow Cylinder A, B, to anfwer to 
the Diameter of a Leaden Bullet of that Weight. The Height A, C, or 
B, D, is 6 Ts* Diameters : And is taken from the following liable, 
where 86 correfponds exaftly with 20 15 j that is, that the Diameter 
A, B, being firft divided into 100 equal Parts, 86 of them were taken 
off by the Compalles, and repeated 7 times from A or B, towards C or 
D, to conftitute the Height of the Mould A C, or B D. For as the Dia- 
meter compofed of 100 equal Parts being 7 times repeated gives the 
Height of Rocket-Moulds of one lb, fo 86 being 7 times repeated gives 
the Height of a Mould that is 6 of its Diameters.' Thus you may find 
the Heights of all Moulds vchoic Diameters anfwer to the Diameters of 
Leaden Balls as far as 100 lb. But if you would have them by the Rule 
of Three, lay, as 100 is to 7, fo is the Number over-againfl: your Num- 
ber of Pounds in the following Fable to a fourth Number. Or you may 
divide the Diameters of the hollow Cylinders of the Moulds into too 
equal Parts, and take as many Parts from that Number, as anfwer to 
the Number in the Fable oppofite to the Number of Pounds anfvrering 
nearefr to the Diameter of your Mould ; a levenfold Repetition of which 
will give the due Height of the Mould you would make. The fame it is 
with the Diameter of a Mould of 100 15 , which if it be divided into 100 
equal Parts, and with a pair of Compaflfes you take -f* 57 of thole Parts; 
a levcofr}ld Repetition of them will give the Height of a Rocket-Mould of 
100 15 , and which will be 4 of its own Diameter minus ^ or 399 
of luch Parts as its Diameter is divided into. 

From hence it is evident that I have not fallen into an Extreme of too 
much nor too little with regard to thefe Proportions 5 for I have neither 
incrcafed the Heights of Moulds by an uniform Progreffion after the 
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manner of Brecbtelius, nor laid down one univerfal Dimenfion of Height 
with refpedt to the feveral Diameters j nor always kept to 6 and 6 ~ Dia- 
meters, like Dtegus Ufanus and Schmidlapius. Upon the whole, I have 
not augmented the Diameters according to the Methods of Schmidlapius 
and BrechteliuSj by dividing them into 5 Parts, and adding 2 of the 
like Parts to them to conftitute the Diameter of the fuble^uent Mouldy 
nor by adding i of a Fingery as they have done ; but I have decrealed the 
Heights of Moa/i/i proportionably to the Increale of their Diameters in 
a Cubical Ratio j fo that I believe no one can tax me with having com- 
mitted a Miftake upon this Head. 

Now that you may have no manner of doubt upon you with relation 
to what I have juft been faying, I here-under preftnt you with a little 
Table ; which has not been calculated fo much by Theory and Specu- 
lation, as confirmed and afccrtained by my long PradHcc ; which, toge- 
ther with the many Loftes I have fuftained, and the daily Expenccs I 
have been at in my Profecution of this Study and Art, gave Life to my 
Invention. 



T ABLE of Heights for great Rocket-Moulds. 



Pound Weights of Leaden Bullets 
whofe Diameters anfwer to the 
Diameters of Rocket-Moulds, 


Hundredth Parts of Diameters in 
a fubfeptujple Proportion to the 
Heights of Moulds. 


I 


100 


2 


98 


4 


96 


6 


94 


8 


92 


10 


9 i 


12 


90 


15 


88 


20 


86 


25 


84 


30 


82 


3S 


80 


40 


78 


45 


77 


50 


75 


S5 


73 


60 


7 * 


65 


69 


70 


67 


75 


66 


80 


64 


85 


62 


90 


61 


95 


59 j 


100 


57 I 



N n 
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i'ig. 23. This is not enough : Let us return again to our Figure^ and we fhalL 
find ftill fomething farther relating to this Proportion of Moulds. E X 
then, is the Height of the Bafe of one Diameter of the Orifice or hol- 
low Cylinder : X, C, is the Thicknefs of the Mould throughout, which, 
is f of the fame Diameter ; E, F, is the Solidity of the Bafe or Bottom 
equal to i f of the aforefaid Diameter ; B, P, or A, P, is the Capital of 
the Mould whofe Members are reverfed or go upwards : The Lift is 
6f the Diameter in Height j the Echinus reverfed the Reglet is jl; 
and in ihort, the floping or inclining Comice is 4. Q Q fhew the Thick- 
nefs of the Subftance of the Mould , F P denote the HoIIowings wrought 
in it, which muft be woulded, or fecurely girt round with glued Cord, 
to prevent the Mould from fplitting whilft you drive the Rocket : Thefe 
HoIIowings arc 7 Diameter deep- Befides this, there is a Wooden Cy- 
linder joining to the Bottom, which is the Height of one Diameter ; but 
this Dimenfion for it will not always obtain j for in great Rocket-Moulds 
from 40 to 70 lb, it muft be but | of a Diameter, and in the reft till 
you come to 100 lb, it muft be but 7 Diameter. This Cylinder muft 
be crowned with an Hemifphere, or half Bullet, whofe Circumference 
is deferibed from the Center N, and whofe Diameter is equal to 
7 of a Diameter of the Orifice or hollow Cylinder aforefaid. R, is a 
fmall Cavity where a Ring of fome Metal is commonly faftened. W, is 
an Iron Pin that keeps the upper and under Part of the Mould together. 
As to any thing ehe, that may be farther remarkable in this Figure, we 
fhall fpeak of it in the next Chapter. 

^ 4 - In Fig. 24. you have a Mould for the Conftrudion of Paper Petards 
(in Englijh^ Crackers) which I ftiall Ihew you how to adjuft, and make 
ufe of in the fubfequent Chapters. I would only have you obferve here 
that the Height of thefe Moulds^ which is A, B, C, D, ought to be 4 
Diameters of their hollow Cylinders, and that the Height of the Bot- 
tom I, K, and of the folid Cylinder G, E, or H F, is one Diameter j in 
fliort, the upper Surface of this Cylinder, E F, muft he a perfed Plane, 
except where it is heightened by the Hemifphere, 



CHAP. III. 

Of feveral Inftrumenu for Makings Choakmg and Drwmg all 

Sorts ^Rockets. 

\ 7 OUR Rocket-Moulds being thus adjufted, according to the Propor- 
tions laid down in the foregoing Chapters, it will be neceffary that 
you be provided with feveral other Utenfils for carrying on your Work. 
In the firft Place then ; for fmall and middling Rockets you muft have a 

Wooden 
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Wooden Cylindrical Driver or Rowkr (for very fmall ones we ufc a 
little Iron Rod) whofe Length lhall be equal to the Height of the Mouldy 
and its Thicknefs | of the hollow Cylinder. See the Reprefentation of 
it in Fig. 25, where the Line A B is the Length of 7 Diameters of the Fig. 
hollow Cylinder of the Mould of the fecond Model in Fig. 2 1. the lower Fig. a r . 
end of it terminates in an Hemifphere, whofe Semi-Diameter is i of the 
Diameter of the hollow Cylinder (for it is proper this Rowler or Former 
fliould be a little longer than the Height of the Mould) and the Thick- 
iiefs of it CD, is I of the fame Diameter. E is the Handle of it, 
which ought to be a Hand’s breadth in Length. Upon this Rowler or 
Former you lhall pafte or glue together, as nicely as you can, fome good 
ftrong Paper, till by the fcveral Turns of it your Cafe has acquired the 
Thicknefs of i of the Diameter aforefaid j notwithftanding that in the 
firft Mouldy Fig. 20 , 1 have fuppofed this fame Thicknefs to be I of the 
Diameter j for then it is necelfary that this Rowler or Former Ihould be 
T of the Diameter. But for great Rockets that are made of Wood, fuch 
as you fee in I K Fig. 23, the Thicknefs KB, or A I is j of the Diame- 
ter, or a very little lefs ; for there is always a fmall Space, as S, left be- 
tween the Concavity of the Mouldy and the Convexity of the Rocket^ 
that there may be room for a pretty fubftantiai Woulding of ftrong 
Thread or Cord, with which the Outfide of the Rocket is commonly 
reinforced. The Neck or lower Part, G O, of the Rocket in the fame 
Figure is f of a Diameter. Now if your Rockets are made of Wood, you 
cannot ufe the Driver or Rowler I have been deferibing above, which is 
defigned only for Paper or Canvafs Rockets j but for Wood it muft be 7 
of a Diameter, and its Length (hall be equal to the Height of the Mouldy 
minus the Height of the Cylinder upon the Bottom. Upon fuch a Row- 
ler or Former I have made Paper and Canvafs Cafes for Rockets of 20 or 
30 ib and upwards, and after having woulded and fecured them round 
with glued Packthread, I have put them into the Nave of a Cannon 
Wheel, and having encompaffed them firmly with dry Sand, and fa- 
ttened them with Coins, and fixed a Bottom under them, I have in that 
pofture driven them very conveniently. 

Secondly, you muft have a Rammer or Driver different from this, for 
charging your Rockets^ which may be conftruded two feveral ways 5 for 
if you intend to bore your Rockets after they are driven, (as we lhall 
hereafter obferve) you lhall give it the Form you fee reprefented in 
26. Its Length A B, lhall be equal to the Height of the Mouldy and its 
Thicknefs B C lhall be minus 4^ equal to the .^xis C, D, in the firft 
Figure, and ftiall be perfedtly fmooth and round, that it may the more Fig. aj. 
conveniently drive or ram the Compofition, and confolidate it in the 
Cafe or C(^n. But if you would drive your Rockets upon Copper or 
Iron Needles or Piercers, fuch as O P Q, and L M H, in Fig. 20. andp/g. 

23, your Driver or Rammer lhall be of the very fame Dimenfions with 
the Hollow of your Rocket-Cafe, ox Coffin, and lhall have a Cavity in it 
I that 
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that cxadily fits the Piercer or Needle j to the end that when you drive 
your Rockets the Needle may have free Accefs into the Driver^ and 
that confequently the Compolition may be driven and compared in a 
firm Body all round it. You muft here obferve, that if the Needle is 
hxed in the Bottom of the Aftf«A/ (which it mull of neceffity be, if you 
would have it in a perpendicular Pofition, and exactly in the middle of 
the Rocket^ upon which much depends) you muft have another Bottom 
without a Needle for adjulling the Paper Cafes, and a Driver or Ram-^ 
mer according to the firft Model ; or a hollow Driver ^ as we faid before. 
Fig. 27. In Fig, 27. (for Example) B A, is the Length of the Driver equal to the 
Fig- 23. Height of the hollow Cylinder of the Rocket reprefented in Fig. 23. 
its Breadth B C, is equal to the Diameter of it, or a little lefs, as 
we have already faid : And D, F, E, is the Hollow that receives the 
Needle. 

Befidcs thefe two Rammers or Drifts^ Pyrobolijis have a Third equal- 
ly neceflary for driving Rockets upon Needles. You may fee the Form 
Fig. 28. of this in Fig. 28. where its Length A B is equal to the Height of the 
Rocket above the Point of the Needle; that is, from L to I K the Mouth 
Fig- 23. of the Rocket-Cafe or Cojin in Fig. 23. but its Breadth or Thicknefs B 
C, is exactly equal to that of the firft Driver. This is for driving the 
folid Part or the Head of the Compolition in the Rocket i and the 
Handles D and G lhall be falhioned as you fee in the Figures : The 
Ends H and E lhall have Brafs Rmgs round them, efpecially when de- 
figned for the ufc of great Rockets^ to prevent their fpreading orfplitting 
by the Violence of the Driving. 

Fig. 29. Fig. 29. reprefents a Leather Belt or Thong, with its Buckle, Copper 
Ring, and Iron Hook moveable to and fro upon the Belt. It is with 
this that the Pyroboliji girds himfelf when he would choak his Rockets. 
Fig. 30. Fig. 30. you have another Hook with a Screw, which being ferewed in- 
to any Tree, or piece of Wood firmly fixed in a Building or otherwile, 
ferves together with the FirlL to draw the Cord which is about the 
Fig. 3»- Neck of the Cafe after the manner that you fee in Fig, 3 1. Fig 32. re- 
anl 33 prefentsthc Cord, and Fig. 33. is a Wooden Taper-bit for opening the 
Orifice, when the Neck is cboaked too dole. 

We have another Way of choaking middling Rockets (viz.) by a 
Wooden Sheave or Shiver turning upon an Iron Pm or Axis^ over which 
is a Cord, one End of which is faftened to an Iron Ring, and the other 
to the End of a Treading Board or Treadle, upon which the Pyroboliji 
Fig. 34. prefles with his Foot, as may be fecn in Fig 34. 

But for the choaking of great Rockets, you may ufe the Contrivance 
Fig. 3f. mFig. 35. with its endlcfs Screw, and Handle to turn it (A) together with 
its Hook and Iron Ring to which the Cord is tied to chakxhcRocket,oS- 
ter having put into the Neck of it a Cylinder done round with Hair or 
Fig. 36. Wool, and crowned with an Hemifphcre as may be fecn in Fig. 36. 
which ferves properly for forming a round Cavity in the Neck of 
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the Rocket. Fig. 37 is fometimes ufcd to the fame purpofe j it being Fig. 37. 
an Iron Injirument with Hollows cut on each Side of it, into which you 
put the Necks of your Rockets^ in order to comprefs or cboak them. 

There are other ways of cboaking Rockets, befides thofe I have men- 
tioned. As for Example; you may fallen any Handfpike or Lever to 
any Wall, Pillar, or ^fter, and then pull upon the Choaker cither by 
a great Force or Weight. But as thefe Ways arc out of Ufe, and auk- 
ward in themfelvcs, I fhall pafs them over, and proceed to a Deferipti- 
on of fuch InfirummU and Things as arc more ncccflary for Us to be 
acquainted with. 

38 reprefents a Copper Plate {ov making a Charger ^ as you fee Fig. 39. 
in Fig. 40. I have given it fuch Proponion, that its Length from A to Fig. 40. 
B is I j Diameter of the hollow Cylinder of the Rocket ; and its Breadth 
C D equal to 2 of the fame Diameter; and have ordered it fo, as to ter- 
minate in a Semi-Circle at the charging End, and have to its Length 
and Breadth added another Diameter refpcdlively, that it may be con- 
veniently fitted to a little Wooden Cylinder or Handle to which it may 
be faftened with fmall Nails ; for let the Thicknefs of the Handle be 
equal to one Diameter, and the Rotundity of its Convex Surfoce will be 
3 Diameters, that is, equal to the Breadth E F. The Length I have 
afligned for this Plate^ ought to be obferved in making Chargers for lit- 
tle and middling Rockets j for I have often experimented, that Chargers 
made in this Proportion contain exadlly fuch a quantity of Compofitron 
whofe Height fills one Diameter of the hollow Cylinder of the Rocket. 

Now it will be fufHcient, if you put in as much Compofition at a time 
as being well driven with a Woo^n Mallet will take up the Space of 
half a Diameter aforefaid. But in driving of great Rockets you mufl put 
in lefs Compofition at a time ; for it will be fufficient if you put m half 
of what we have dire^d with refpeft to fmall Rockets-, and confe- 
quently the Plate with which you would make a Charger, that fhould 
hold but juft fo much Compofition as to fill up half the Space we have 
been mentioning of the hollow Cylinder of a great Rocket, and which 
being well driven fhould be only ^ of a Diameter in Heighti fhould have 
its Length equal to but one Diameter. As for the Size of the Handle 
to which the Plate is to be fitted, it fhall be in fuch Proportion as we 
have above diredted. 

In Fig. 39 you have the Reprefencation of a Wooden Mallet with Fig. 39. 
its Elandle. It fhould be made of fome h^d, heavy Wood, fuch as 
Elm or Birch Root; its Length or Height fhall be i ? of its Breadth or 
Thicknefs, which fhall be proportioned to the hollow Cylinders of 
Moulds after this manner. From 100 lb down to 50 lb, your Rockets 
fhall be driven with Mallets, the Diameters of whofe Thicknefs are 
equal to the Diameters of the hollow Cylinders of the Moulds: But all 
ofoer Rockets down to 10 lb, with a Mallet whofe Dimeter is equal to 
that of a Leaden Bullet of 50 lb. In fhortj all from 10 lb to i lb, fhall 
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be driven with a Mallet whofe Diameter is equal to that of a Leaden 
Bullet of 40 lb i and as for thofe from 1 lb to 8 Loths or 4 Ounces^ they 
IJialJ be driven with a Mallet whofe Diameter is eqiial to that of a Lea-?- 
den Bujlet of 2Q lb. Qr to do better, and fpeak more plainly; all your 
Mallets from 1 00 lb to 10 lb fliall have their Diameters equal to the 
Diameters of the Orifices of their refpedive Moulds 5 which done, you 
ihall make a Cavity in the Ends of them which you do not ftrike with, 
into which you mufi: pour as much melted Lead as may be fufficient to 
make them as heavy as the Bullets by whofe Diameters the Orifices of 
their relpedive Moulds are meafured. Wc may with a Mallet of iq 15 
drive all other Rockets^ down to 4 Ibi and from 4 lb tp i 15 with a 
Mallet of 6 lb ; and from one 15 to lb fs with a Mallet of 4 lb. In Ihort, 
from lb fs to 4 liOths^ or 2 Ounces^ the Mallet Ihall weigh 2 15 . 

As for the driving of very (mail RocketSy or (as we call them in Eng- 
glifib) SquUsy you need not be fo nice in the Preparation of them. I 
haye Imown fome modern Ryroboltjls who ailigned a determinate Num- 
ber of Strokes, n^Mallets of various Weights, for the feveral Comp&- 
litions they tfied in driving a Rocket of any one particular Size; fo that 
they changed the Weight of their Mallet y and varied the Number of 
Strokes, according to what Compofition they ufed. But in my Opinion 
this Rule is more ridiculous and whimfical, than ufeful; therefore fetr 
ting thefe Abfurdities afide, this is the moft certain and befi: Method 
that can be purfued with regard to this Matter ; (namely) When you 
pour Compofition into your RocketSy it jChall not be too dry, for fear of 
its difperfing) and fiying about in a fubtile Meal or DuR whilft you are 
driving i,t ; but Ihnllbe a little mo’dk, to the end that it may colledt the 
better, and be the more ijblidly comprelfed in the or Cofiin of the 
Rocket. You may believe, it is impofiiUe to afeertain any determinate 
Number of Strokes that may be exactly fufficient in driving it; and 
therefore we can only fay that the Compofition ought to be driven and 
beaten till it is become as hard as a Stone. As for thole Particles that 
are dried by the Violence of the driving, and will not unite with the 
reft; they (hall from time to time be turned out, by fiooping the 
Mpuldy and ftriking it briskly tp make them fly abroad. I mufi farther 
caution you, to ftrike the Dw'yrr with an equal Number of Strokes; 
as often as you pour your Compofition into the Cafe; and let your 
Blows be given with an uniform Force, neither too violently nor too 
gently, biy^ widi naoderation, and; making a fhprt Paufe after each Blow, 
The Wei^lm the Mallet fljall be as, we have ordered above. The 
Compofitions Ihall be taken and ufed; in Proportion to the Diameters of 
RocketSy as we lhall obferye in the following Chapter ; and beware of 
ufing an hundred difl^rent Sorts of Compofitions, for one or any parti- 
cular fized Rjockety and only feick to one or two, which you &ill by 
fibtperience find to, be the bell. To this I flmll add, that fuch Ingre- 
dients as are too dry, imperfe<2ly mealed, and negligently fearced, or 
I that 
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that have too much Charcoal amongft them made of any hard, grofs 
Wood, cannot be confolidated without a great deal of Labour, and 
therefore muft be driven much longer than thofc which are free from 
ihefe Defeats. I muft furthermore inform you that the ftrongcr the 
Compofition is, fo much the more ought it to be driven } that the Fire 
may meet with the more Obftrudtion in conlliming it, and that by 
means of its folid Confiftence the Adtion of that Element may be rc- 
ftrained. But this, on the other hand, is apt to throw us into a great In- 
conveniencyj for the Violence of the driving greatly adds to the 
Strength of the Compofition, and indues it with I know not what ex- 
traordinary Virtue which it had not before j therefore muft you keep 
this Sentence in Mind, as a general Rule to be obferved in our Art 
(namely) Serva Mediocritatim : Avoid Extreams, and keep in the. mid- 
dle Path, left by running into eidier Excefs, your Labour proves vain 
and abortive. But let us have done with this Digreflion, and refijme 
our Subjedt. Say wc then, that the longer the Handle of the Mallet is, 
and the higher the Pyrohlijl lifts up his Arm to ftrike, with fo much 
the more Velocity and Power will the Mallet fell upon the Head of the 
X>river that is beneath. So that 2 l Mallet of lo 15 only will adt much 
more violently, and defeend with greater Force, than one of double that 
Weighi^ but whofe Handle is only Subdccuple of the Firft. If you 
would know the Caufe of this, confult the Mechanics^ and they will fa- 
tisfie you. There are thofe who imagine that all Bodies that are put in 
Adfion by any means whatfoever, adt with the more Power upon the 
Bodies they impinge, the denfer the Air is between them : For ( £*y 
they) it is certain that the Air is condenfed in Proportion to the Velocity 
the deftending or adting Body; and all fuch as move in a Circle (1 
^ak of this circular Motion only) have their Motion the more fwifi; 

fiirther they are removed ftom their Center of Motion ; that the 
Velocities of Bodies in this cafe, arc to one another relpcdtivdy, as the 
PadU' of the Circles, and the Circumferences they d^ribe. If now 
you take the Handle of a Mallet that i& fomewhat long for the Radius 
of a Circle, the Center of which is luppofed to be ki the Arm of him 
thatftrikes ; “ This will move mone fraely, and with greater Vc- 
“ Icici^ and Power, than another Mallet^ whofe ^ndle is ftiorter though 
” its Weight may exceed that of the Firft ; but is: flow and lazy in it« 
“ Adiionby reafea of theShortnefeof its Handfe” Thcfe Arguments are 
fine and plaufible : Hut for my part I cannot help thinking, that- this may 
with much more reafon he attributed lo xhc: ConfiruSlim of xhea^Ung Bo- 
dy oxMallety than to any other Accident; and: I cannot perfuademyfelf that 
ihejDcnfity o£ the Air cait any way? contribute towards the Celerity of the 
Mallet^ or make it fell the heavier upon the Driver ^ and my Reafon is; 
hecaufe there can be but little Air in the Space taken up by the Mallet 
in. its circular Motion:, Addi to which, that by a^ frequent Repetition of 
that Motion the Air interpofed between the Adtivc and Paffivc Body 

would 
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would be rariiied and difperfed, inftead of being condenfcd^ and commu- 
nicating an Increafe to the Itenfity of the Power of the Acting Body. 
But we fhall in another place have occalion to trace out more particu- 
larly the Caufes of the BarifadUon and Condenfation of Air, where we 
lhall examine in what degree the Air interpofed between two Bodies 
(namely, between one fixed, and another moving naturally, or by any 
Force impreffed) can cither affifl or deftroy the Motion. I fliall here re- 
mind you of what I faid above (wz.) that the Force of an Arm that ads 
with Violence, greatly increafes the Velocity of the Mallet^ and confe- 
quently makes it fall the heavier upon any Objed. 

As to great Rockets you may conveniently drive them, if inftead of a 
Mallet^ you ufe a kind of Beetle^ not much unlike what ArebiteBs and 
Workmen commonly drive down P;7«, Palifades and Stakes with, pro- 
vided you take care to have it of a moderate Weight. This Engine is 
compofed of 3 Spars or Poles well faftened together at Top with a Rope^ 
and fpreads out in 3 Legs at the Bottom j and has two perpendicular 
Timbers, between which the Ram (as fome call it) with its Iron Rings, 
and Head armed with the fame Metal, is hoifed up by means of a Rope 
reaved through a Fully at Top, and being up, it falls down again by its 
own Weight upon the Driver } which by this Blow violently compref- 
fes, and confolidates the Compofition in the Rocket-Cafe. If this Beetle 
does not exceed 100 15, it may be ealily kept going by two Men, and 
the longer the Spars are the higher will it be raifed j and confequently 
falling through a greater Space in its Deicent, the more will its Power 
be increafed, according to that common Saying, Gravis Cafus ab alto» 
Mar. Merfennus in his Hydraulicsy Balijiics and MeebanieSy treats large- 
ly of this, to whom I refer fuch as are defirous of being particular- 
ly inftru£kcd in it. Let us now return to the reft of our Injlruments. 
Fig. 41. Iri Fig. 41 you have an Iron Cylinder terminating in a Point (or rather 

Punch) towards the plane Superficies at Bottom, with which we 
pierce certain round Pieces ofPafteboard or ftrong Paper which arc put 
Fig. 4i. upon the Compofition after the Rocket is driven. Fig. 42 reprefents an 
Iron Cone that goes tapering to a very (harp Point, which may ferve for 
the fame Ufe as the former Injirument : In A you have a circular piece 
of Iron or Wood perforated in the Middle, which may be flopped with 
a fmall Nail or little Iron Pin, running into thofe Holes which you fee 
all down the Cone with defign to prevent the aforefaid Piece of perfo- 
rated Wood or Ring from flipping. The Diameter of this Ring lhall 
be fuch as may exactly fit the Orifice of a Rocket whilft the Point perfo- 
rates C. This may ferve for fcvcral .RockefSy provided it be long 
enough, and that you have Iron Rings of feveral Sizes, adapted to the 
Fig. 43* Orifices of them. Fig. 43 Ihews you the Form of a piece of Wood or 



f He muft here certainly mean a Pimch j for i: is certain that a Pwfb fitter for the Work 
he nientioBS than a Point. 
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Capj to cover the folid Head of the Compofition in great Rockets^ 
which is perforated in feveral Places, and has its Curve Surface hol- 
lowed in a Groove like the Sheave or Shiver of a Block or Fully, the 
ufe of which you fltall know hereafter. Fig, 44 reprefents the Pyro- Fig. 44. 
technic Knife. In ftiort, in Fig. 45 you fee leveral Tools diftinguilhedFig. 45". 
by A B and for cutting, hollowing, and ingraving all the Wood- 
work ufed in the Conftrudlion of Pyrobolical Machines, a great Number 
of which I lhali give you in the following Books. 



CHAP. IV. 

How to mix the Ingredients, anJ prepare Componcions for 
all Sorts of Rockets. 

/^UR PyroboUfs may be very juftly compared with the canting .^ 4 /- 
cbymifts of the Times pall, (or the Prefent, if any are yet remain- 
ing) who, tho’ they dealed in nothing but Smoke, yet arrogantly took 
upon them to be Profejfors of fo noble and excellent an Art as Cbymijiry\ 
and fweating Night and Day in fearch of the Philofophers Stone^ and 
other fuch Whims as fubfifted no where but in their crazy Imaginations^ 
to the fruitlefs Expenfe of their own Wealth or that of others j impofed 
their Fallacies on the Weak and Unthinking for Truths and Things of 
real Exillence ; like thofe fugglers who throw Dull into our Eyes, to 
hinder us from feeing through their 1 ‘ricks ; and who like them are, at 
the End of the Chapter, obliged to feed on Coaly A/heSy and the Dregs 
of their AlembicSy and to drink the 'Fears forced from their Eyes by a 
perpetual Smoke as an agreeable Amhrofia. For even as thole footy 
Adepts carefully wrapped up the Arcana of their Arty or rather of their 
deceitful ArtificeSy which they upon occafion knew how to divulge with 
fuch fpecious Appearances of Frutby and of which if by chance they 
left any Account in writing, they neither exprefled it in Arabic ky Chal- 
dean or Syrian Characters, but as a Science of Diabolical Extraction, and 
(if I may fo exprefs myfelf ) immediately derived from Hell itfelf j and 
all with a Delign to give their Profeffion the greater Weight with the 
Vulgar i knowing well that fuch Fhings as appear the moll myllerlous 
to them, and fall the leall under their Apprehenhon, excite their Ad- 
miration the. moll, and immediately beget in them a longing Defre 
to be let into the Secret : Juft fo is it with our Pyi^obolijisy or at leaft 
with the greateft part of them, who feem to have contracted this evil 
Cuftom, and to have borrowed the AlchymiJIs ridiculous Politics : And 
accordingly they would have us believe, that they obtained the Secrets 
of their Arty with much difficulty from their Mailers, or other Per- 
Ibns deeply verfed in it \ That thefe rare Fhings were communi- 
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Gated to them in Pledge of perfect Friendfhip, or in Recompena for 
great Services done, or in return for fccret Bribes of Money. But 
mark here their great Dilingenuity> and Malice of Heart ! for left any 
one fhould eafily come at a Knowledge of thofe Secrets which they lb 
carefully conceal, or gather any thing from their confufed Memrandumt^ 
they commonly exprefs every thing ufed in Pyroboly^ together with the 
Weights and Meafures, by fuch uncouth Charadlers as are not to be un- 
derftood by any but themfelves. There are thofe, who have made cer- 
tain explanatory Notes in unknown Characters to fuch Books as they 
had before printed, which if they fhould happen to be loft, Farevoel 
Science ! we have nothing more to do than to fhut up our Books and 
our Shops too, and believe that we have loft the Means of enrichbg the 
Pyrotechnic Treafures, which had been locked up in thofe incftimable 
Cabinets. In truth, I fhould not difapprove of their Defign, but fhould 
commend their extreme Diligence even in this Cafe, if they would purliie 
the Methods marked out by others, in their Endeavours to exalt their .2^/ 
to the higheft degree of Perfection : But it is a very great Weaknels and 
Folly in a ncceflitous Man to be afhamed of borrowing from a Friend, 
what he hopes to repay very foon with Intereft. It is a Task too tedious> 
and unequal to our Strength, to acquire an univerfal Knowledge by our own 
Induftry, without the Affiftance of others. But they are fo far from be- 
ing communicative that they do their utmoft to hide what they have 
learned as holy and fecret Myfteries j fondly thinking, that if they were 
to be divulged the Veneration they are had in would be diminifhed by 
the half, and that confequently the Profeffors of the Art themfelves 
would lofe a great fhare of the good Opinion the World had conceived 
of their Abilities. Indeed, I for my part have often feen great and 
mighty Collections of Secrets^ Remarks and Annotations^ (great and vo- 
luminous as to Paper, but fmall and thin with regard to Science) and 
upon Tryal have found that all thofe rare l!bings^ which appeared fb 
extraordinary to the Reader, were nothing but mere Smoke, the Pffiur- 
via of diftemper’d Brains, or like Bladders fwelled out with Wind, which 
can preferve their Bulk no longer than they remain unhandled and 
clofed up. Since their Humour is of this odd Turn, I fhould think 
they woud aCt more prudently, if they would try thofe Things they re- 
ceive from others as valuable, and endeavour with all their Art to put 
them in PraCtice, before they infert them in their public Works, by 
doing which they would no longer deceive others, nor be deceived themr- 
felves. But the great Misfortune of thefe Men is their having a Notion, 
that all folid Learning confifts in a vaft Heap and Multiplicity of Arri- 
cles and Inventions, which they colleCl together where-ever they find 
them, without knowing whether they be Good or Bady Valuable or not ; 
but every thing fhares in their Efteem that does but contribute to fwell 
up their Works. But to have done with this Topic j I think thofe take 
the moft prudent and commendable Method in their Pyrobolyy who 
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make ufe of but one or two Compojiiions only which they know to be 
good, whether they be of their own Invention, or whether they be re- 
ceived from any other, whofe Purfe is bettef able to go through thofe 
cxpenfive Experiments, provided always, that they are founded upon 
Reafon, and Geometrical Demonftration. Now it being my Defign to 
treat of the ncceffary Compqfitions for all forts, of Rockets in this Chapter j 
I fliall endeavour to fhew (being certain that no one ever attempted it 
before) by what means, and in what Proportion the Ingredients ought 
to be mixed for the Compofitions of all Rockets ; to the end that^ from the 
fine Harmony of their Affemblage, and what elfe you will find in the 
Sequel of this Work, you may reap the Fruit and Benefit of our great 
Labour. 

We find fo vaft a Number of Compojitions amongft the Profcflbrs of 
this Artj that it is as much as we can do, to guefs which are the beft of 
them j for if we were to try them all, it would take up a great deal of 
Time and Money. Upon this Account it is that I have given myfelf 
the trouble for many Years , pall of feeking after a Method, by which I 
might readily come at a Knowledge of the Goodnefs of any Compojition ; 
and have been fo nice in my Refearch, as to put none in Pfadlice till I 
had examined them by an exaft Arithmetical Calculation, Geometrical 
Demonftration, and by folid Arguments drawn from Natural Philojb- 
pby. It is here then (Candid Reader) that I not only give you leave ; 
but if yon are a good Pyroboliji, or if you have never fo little a fmat- 
tering of the Mathematical Elements joined to a little Knowledge in 
Pbyjics ; I do even entreat you to examine all the Compojitions which I 
am here going to offet you, thoroughly and to the bottom : For I am 
pretty well affured that you will find nothing to difapprove of in either 
my I’beory or PraBice. But Firji you ought to know the following 
general Rules, which will ferve as a Touchftone to try the Value of all 
Compofitions^ whether they be of your own Invention, or communicated 
by others j and by means of which alfo you may contrive new ones at 
pleafure. 

The firft Rule is : Roebeta quo majores fuerint^ lentiori onerentur ma~ 
teria : quo autem minores fortiori. That is j the larger Rockets are, the 
weaker and flower Ihall their Compojition be j and on the contrary, 
the Icfler they are their Compojition mufl: be the ftronger and quicker. 
This mufl: be carefully obferved : And the reafon is ; becaufe when the 
Fire feizes upon a ftrong Compojition in a great Rackety it will devour 
more of it in a Moment, than it could in a finall Rocket in one, two or 
fcveral Minutes ; for as there is a greater Cavity in large Rockets, the 
Fire has an Opportunity of preying upon a great deal of Matter at once, 
and accordingly confumes a confiderable Qi^tity of it in an Inllanr. 
It is a very difficult thing to preferibe Laws to Fire, which is the mofl: 
active and voracious of all the Elements, and much more to fet determi- 
nate Bounds to its Action whilft there remains any combuftible Matter 
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for it to deftroy. From hence it will neceflarily follow, that a 
ftrong Compofition producing a fuddcn and inftantaneous Combuftion^ 
it inuft, when in great Rockets^ burft them fomewhere or other. 
Now this happens from the too great Concourfe and Denfity, or 
to exprefs myfelf clearer, from the extreme Confluence and clofe 
Union of the Rays of Fire iffuing from the Sides of the hollow 
Cone, which together with the great quantity of -f* ‘windy Exbala-^ 
tion (generated by the Acccnlion of the Saltpeter f) being too much 
ilraitned, and requiring more room, they by their Impatience of 
Confinement forcibly break through the Paftelx>ard or Wooden Walls 
of their Prifon. But the Cafe is quite different in fmall Rockets j for 
the Fire confuming the ftrong Compojition in them by flow Degrees 
only, the Rays of Fire iffuing from the Sides of their hollow Cones are 
fewer in Number, and in fo narrow a place they have not fo much Wind 
or Exhalation to rarifie at a Time, and therefore are in no danger of 
burfting. 

The Second is : Ad majores Rochetas qua mam libram^ •vel duas ad 
fummum fuperant j non alligetur aliis materiis puhis Pyrius. For great 
Rockets that exeed i or 2 lb at moft, you ftiall mix no Gun-powder with 
the other Ingredients. I have no other Reafon to give for this, than 
what I juft now mentioned ; for when Gun-powder is mealed, it muft 
be beaten and pounded very much, by which means it is endowed with 
an extraordinary Force; for the repeated Strokes add a great deal of 
Heat to it, and even Fire itfelf ; in fhort, the Pounding unites the Salt- 
peter with the Coal and Sulphury and converts them into a Subftance 
that is perfeftly Igneous, after having purged them of all hurtful Moi- 
fture. Upon this Account it is, that a little Gun-powder has more Vir^ 
tue and powerful than any quantity of Saltpeter that might be 

ufed in Compofttions in different Proportions. 

In ftiort, the Third is: For great Rockets from 100 lb down to 10 
lb, you muji firji take fuch a quantity of clarified or purified Saltpeter as 
Jhall be equal to the Coal and Sulphur ; and then afterwards let it he in a 
fimple unequal Geometrical Proportion of Superparticular or Superpartient : 
but from 10 lb down to i lb or i lb, let it be firji in a Double ProportioHy 
then T ripky and then ^adrupky and fo on, of the Aliquot Parts of an 
Integer. In jhorty from one lb to the ‘uery leaf Rocket, let the Saltpeter be 
taken together with the Gun-powder in federal Degrees of Superparticu- 
lar and Superpartient y as Sextuple y Septupley‘ 06 lupley Noncuple and De- 
cuple 'y or Sixfoldy Sevenfold, Eightfold, Ninefold and Tenfold. The Pro- 
portion of Coal to Sulphur, Jhall be either Sefquialteral, or Double, or Tri- 
ple, and fometimes Equal. 



■f This is what wc msan in the fecond Book by flatulent Expanfim^ -both then* Expreffi- 

ons bear one and the fame Signification ■, but this is moll inteltigible here, and flatuUut Expati- 
fan is more proper ia the other Place. 
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Obferve here however, that you muft increafe and diminifh the 
Quantity of Saltpeter with regard td- cbe' rwo other Ingredients, as the 
Coal is to the Sulphur^ and recipFocally as the Sulphur is to the Coaly fo 
muft they both be to the Saltpeter \ as if (for Example) you begin by 
•great RocketSy you augrnent the Quantity of Saltpeter by degrees, and 
diminifti the two other Ingredients in fuch Proportion as not to deviate 
from this Arithmetic Whenever you contrive new Com- 
pofitionSy I advife you to try them before you make them public, and 
put them in Pradlice privately, that you may avoid Miftakes, and cor- 
re(ft fuch Errors zs yaa might have htllen inra 

As for Compojitiom that you receive from others, you may examine 
them, if you underftajid never fo little of (Geometrical Proportions, and 
the Ufe of them ; or if you will make the Experiments ajccording to the 
Rules here laid down. 

Accept then favorably of thefe following CompoJitionSy which I give 
you for your Amufement at your leifure Hours. I here deliver them to 
you with all the Fidelity I am capable of, from thole of loo lb down 
to the leaft Rocket thzt can be made. But ly the way, I have not con- 
fined myfelf to any particular Arithmetical Progreffion with regard to 
the Proportion of Coal to Sulphury as I propofed sObovc ; and- indeed it is 
not abfolutely neceflary: But I only give you the Compojtfiom in the 
Proportion and Order, I found them, in my leveral Experiments of 
this kind. However, if you take upon you the rodble of proving and 
reducing them to an Arithmetical Calculation, you will find that I have 
ftriiftly oblerved our Firft general Rule in all my Compojitims, 

Compofitions for all Sorti of Rockete. 

Frcnn |oa to 80 and 60 

Of Saltpeter 30 Jb, of Coal 20, and of Sulphur 10 

In this Compojition you have the Saltpeter equal to the two other Tn- 
^redientSy but the Coal is double of the Sulphur. You may freely ufe 
this Compojition for all Rockets that can he made from 100 to 60 lb j for 
it is heft to let i&sCvc Canpofitkn be weaker than what they perhaps can 
bear ; It being by much die fafeft with regard to Powder to err on the 
weak fide, that is, by allowing rather too litde than too much Strength ; 
for the Weaknefs of a-Cwwp^/fo», or of either, may be eafily re- 

medied by adding a Portion of violent Matter; But in order to be af- 
fured how your Compojition will prove, you may make Tryal of one 
Rccj&e/'before you drive any of the reft j from wh^ce you may conclude 
eoncerning what you may expe<ft from the others. 

From 50 to 40 and 30 lb. 

SahpeUr Ib^ oiGoal 18 and of SiAphtr 7 1 b* 

Qjj From. 
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From 20 to 1 8 lb. 

t>i Saltpeter 42 lb, of Coal 26 lb, and of Sulphur 12 lb. 

From 15 lb to 12 lb» 

Oi Saltpeter 32 lb, of Coal 16 lb, and of Sulphur 8 lb. 

From 10 lb to 9 lb. 

Of Saltpeter 62 lb, of Coal 20 lb, and of Sulphur 9 lb. 

From 9 lb to 8 lb and 6 lb. 

01 Saltpeter 35 lb, of Coal 10 lb, and of Sulphur 5 lb. 

From 5 lb to 4 lb. 

Of Saltpeter 64 lb, of Coal 16 lb, and of Sulphur 8 lb. 

From 3 lb to 2 lb. 

Of Saltpeter 60 lb, of Coal 15 lb, and of Sulphur 2 lb. 

Of one lb. 

Of Gun-powder j8 lb, of Saltpeter 8 lb, q£ Coal 4 lb, and of 
Sulphur 2 lb. 

From 18 Lothst or 9 Ounces^ to ; lb, 

Of Powder 18 lb, of Saltpeter 8 lb, o£ Ck>al 4 lb, of Sulphur 2 lb. 

From 12 Loths to 10 Loths. 

0 £ Powder 30 Loths, of Saltpeter 24 Loths, of Coal 8 Loths, and 
of Sulphur 3 Loths. 

From 6 hoths to 4 hoths* 

Of Powder 24 Loths, of Saltpeter 4 Loths, oi Coal 3 Loths, and 
of Sulphur I Loth. 

From 2 Loths to one Loth. 

Of Powder 30 Loths, of Coal 4 Loths. 

From i, \ to, ti of a ^otb or half Ounce. 

Of Powder 9 or 10 Loths, and of Coal i or r i Loths. 

The (mailer fort, called with us Serpents or Squibs, may be o£ Meal- 
Powder only, except the Primings which ought to be of Corn-Powder. 

CHAP. 
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C H A P. V. 

Of the Boring <?/ Rockets, and fevetal Inftfuments proper 

for that Work. 



A S for the Boring of Rockets, or the means of piercing their foli<l 
Compaction in a certain determinate Proportion as to Breadth and 
Height ; whether it be done at the fame time that you drive them, or 
after they arc driven ; it is an Invention which I can give you no great 
Hiftorical Account of, nor inform you whether it be New or Old. How- 
ever, I cannot but think that the ancient Pyrobolijis were well acquaint- 
ed with an Article of fuch Importance in the Conftrudtion of Rockets ; 
without which it would be impoffible for them to fly upwards j for it is 
owing to this Contrivance, that the Fire is able to accend the Compoji- 
/ion in fuch a manner as to have its Rays collected to a Center, and by 
their united EflTorts, to force up the Rocket and all its Furniture as long 
as there is any Combuftible Matter left. But I am inclined to thinly 
that thofe gooJ Gentlemen referved it in Silence as a very great Secret of 
their Art : Or elfe we may believe, that they defignedly skipped over 
this Article, contenting themfclves with initiating us into fcveral other 
Myfteries of this Science which they freely enough divulged. Now for 
my part, after having read over and over again all the Writings of the 
ancient Pyrobolijis, I never met with one Syllable of Inftrudtion relating 
to the Method of boring Rockets. In truA, I do not much wonder at 
this; becaulc I know it is at this Day the Cuftom of Fire-Workers (and 
they religioufly oblerve it) not to reveal any Secrets concerning Fire- 
works without much Importunity ; and whenever they do communi- 
cate any of them, it is to fuch Perfons only, who make this Science 
their particular Profeffion j or perhaps to fuch as promife them great 
'things : Or they may happen in their Drink to declare all they know, 
together with what they know nothing of j and fo let thefe Arcana fall 
from them amongfl the reft of their drunken Difeourfe ; which in their 
fober Intervals would have been retained within their own Breafts. But 
be this as it will, certain it is, that the ProfejSbrs of this Art force a fo- 
iemn Oath from their Difciples, after they have gone through a proper 
Courfe, and that they are upon the point of difmifling them; in which 
Oath they fwear never to reveal what has been communicated to them 
to any Perfon whatever, and oblige themfclves not to make a public 
Profeffion of it, nor to teach it privately to others till after a Period of 
three Years. In this they imitate the Cahalijis, who never initiate any 
into their Myfteries, but fuch as are filled with a Divine Spirit, and (as 
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they fay) fuch as were predeftinated from their Mother’s Womb to re- 
ceive the Sacred Gift of oxt2l)iQv6iPJeud6-^Pfdpbecy: Myfte- 

ries which they hold in the utmoft Veneration, and perform with ex- 
traordinary Ceremonies, muttering I know not what between their 
Teeth, with exprefs Prohibition (a Superflition punifhable with Death) 
never to reveal them to any. living Soul. But as for me, far from en- 
tertaining fuch narrow Sentiments, far from being actuated by fuch a 
Spirit, or expecting any Reward j I here give you Gratis^ what I pur- 
chafed at fo dear a Rate : And breaking Silence to oblige my Friends, 
and ferve the Public j defpiling all the Reproaches and Ahatbema\ 
which thofe worthy Gentlemen the PyroboUJls may thunder out againft 
me ; I here declare openly and plainly, ^hat Rockets ought to be bored 
to the Height of \ of the Compofition or Matter wherewith they are filled^ 
minus d Diameter of their hollow Cylinders, The Breadth of the Ori- 
jfice at the Choak lhall be I of the Dianieter of the Mould, and go ta- 
pering up towards a Point like a Cone, in fuch manner that the Upper 
Breadth of it lhall be ^ of the Lower; for a Cavity of this Form will 
be the beft adapted for receiving the Fire in fuch a manner as to oblige 
the Rocket to take its Flight. There are two Sorts of Injiruments ufed 
for making thefe Cavities (namely) hollow Borers, and certain Needles 
Fig. 46. or Piercers of Iron or Copper, made in falhion of a Cone. In Fig. 46 
you may fee a Reprefentation of thefe, diRinguifiied by the Letters A B 
C D E. A, the firft, is for Rockets of 2 lb : Its Height, B C, is I of the 
Height of the Rocket minus a Diameter of its hollow Cylinder, begin- 
ning to meafure it from that Point where the Compofition begins {yizi^ 
at the Neck of Choak, to that Point where the Matter in the Rocket 
Fig. 48. terminates. For Example, in Fig. 48 the Height of the Rocket from 
P to I being divided into three equal Parts, two of them will reach to G, 
then from G, fubdufting N O a Diameter of the hollow Cylinder of 
the Rocket, and letting it off downwards towards F, you will have the 
proper Height of the Cavity P F or E F {viz.) \ of the Height of the 
Rocket minus a Diameter of its hollow Cylinder : And its Breadth £ P 
will be 4 of the Diameter M B. The Upper Breadth of the above- 
mentioned Borer in C is ^ of the Lower Breadth D E. In Fig. B^ 
which is the Second, you have a Piercer for Rockets of 12 Loths cff 
6 Ounces. C is for thofe of 8 Loths or 4 Ounces. D for thofe of 6 Loths 
or 3 Ounces', and in Ihort, E is for thofe of 2 Loths or i Ounce. Now 
the Proportions of thefe Laft are the fame with thofe of the Firft in 
Letter A. You have moreover in the firft Fig. A, Divifions expreffing 
ih^Piereers of finall Rockets down to ^ lb each diftinguiflied by its proper 
Number. Know then, that I made thefe Divifions in a Cubical Ratio^ 
by dividing the right Line B C (which is the Length for the Borer of a 
Rocket of 2 lb ) into Parts Cubically proportionate to it; as into Sub- 
duple, which is one lb: Into Subquadruple, which is | lb or 16 JUths^ 
and fo on of the reft that between any two of them. And tho’ we 
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might in this manner have given the feveral finaller Borers deduced in 
proportion from one exceeding 2 ib, I avoided it becaufe I would not 
have the Upper Breadths of fmall ones too much difproportioned to 
their Lower Breadths i or elfe we muft be obliged to diminifli the Up- 
per Breadth of a great Borer, fo as to ferve for Rockets of i or 2 Loths, 
but they would in that Cafe be apt to be too narrow. Therefore you 
will do better to have your Borers for fmall Rockets feparate from the 
greater fort j by doing of which you will have them all nearly in one 
and the fame kind of Proportion. Your Borers Ihould have a little 
fort of Handle, that you may the more conveniently guide them j a Re- 
prefentation of which you have in Fig, F. The Letter D in Fig. 47 Fig. 47. 
Ihews you another Handle which turns the Borer like that of a Wimble. 

In Ihort, all the Sizes of them may be cafily fixed in a Turner’s Leathe 
for boring of Rockets expeditioufly and nicely. But if this Way does 
not pleafe you, you may ufc the little Machine which you fee in 
Fig. 47. which is very conveniently contrived for this Work : You muft 
firft then have a piece of Timber in Form of a Parallelopiped, fawed 
through the Middle of its Breadth or elfe compofed of two Semi-Pa- 
tallelopipeds, each of which (hall have one Side hollowed Lengthways, 
lb as to fit and hold a Rocket between them, as appears in A and B. This 
Parallelopiped ftiall be (hut up in the Machine, or (as we may call it in 
Englijh ) Square Frame, and prdTed clofe together with four Wooden 
Screws, two on each Side, as F and E, to hold them faft, and prevent 
them from flipping : Then taking the Borer C in the Handle D, you 
lhall fet the Head or End of it to your Breaft, and mrning it round 
with your Hand, bore your Rockets at plcafure. There is another Way 
of doing this (namely) by driving your Rockets upon Iron or Copper 
Piercers with hollow Drivers : We have given thefc the very fame Pro- 
portions as we have afligned to the Borers. This kind of Piercer ought 
to be falhioned as you fee in Fig. 23, where M L is its Length, and Fig. 23. 
G H its Breadth. I muft own, I have allotted another Proportion to 
Piercers both as to their Upper and Lower Breadths in Fig. 20, where 
the Breadth O P is of the Diameter C D, and the Upper Breadth at 
of the Lower Breadth O P. This I did, bccaufe I have obferved 
that leveral Pyrobolijis ufe this Proportion; which I can in no wile dilap- 
prove of, having never feen the Effeds of Rockets driven upon fuch fort 
of Piercers. To this I lhall add, that Borings are not always made of the 
fame Bignefs, whether as to Breadth or Height, and I will not affirm, 
that my Obfervations will hold good in all Cafes, particularly with re-: 
gard to thole, who make it a Practice to drive one Size of Rockets with 
feveral forts of Compofitions ; for you mufts;onfider that the ftronger a 
Compofition is, the ftraiter and lhallower ou^t the Boring to be, and 
on the contrary, that the weaker and flower it is, the wider and deeper 
muft it be pierced. The Rcafon of this may be eafily gathered ftom 
what we faid in the foregoing Chapter ; for as a ftrong Compofition in- 

R r flames 




154 Of the Great Art of JkRTOAJEBCi. Book III. 

flames fooncr than a weak one, the Rocket which is filled with too vio- 
lent a Mixture y and has its Orifice too wide, would let in the Fire too 
abundantly, and inftead of departing, would be confumcd in an in- 
llant } inafmuch as the Fire having too much room in fo capacious a 
Cavity to 3(9: in, would in a Moment pofiefs irfclf of all the Matter^ 
reduce it uniycrfally to a Flame, and would moft commonly burft the 
Cafcy or elfe after having mounted to a confiderable Height, it would 
at once difperfe and appear like a Flafh of Lightning. Small Rockets 
are in no danger of this, becaufe of the little quantity of Compofition 
they contain ; but for Great oneSy be particularly cautious to fill them 
with a Compofition proportioned to their Size, and to bore them in pro- 
portion to the Compofition they arc filled with j or clfe be alTured that 
your Labour and Expenfe will vanifii in Smoke. Here then (Friendly 
Reader) is what former Pyrobolijis have fo induftrioufly and fo long hid 
from usj which ungrateful and envious Contagion of Secrecy y has 
Ipread down to the Profeffors of this Art in our Days, who are fo far 
tainted by it, as to imagine, they fhould greatly prejudice their Reputa- 
tions and priyate Interefts, if they communicated any thing they make 
Ol Secret of, to fiich deferving and curious Perfons as might have a Ge- 
nius for this Science. They either do not confider, or do not know 
what daily Experience teaches us; (namely) that a Thoufand ex- 
tinguifhed Lamps may be lighted at one, which will communicate It 
Flame to them all, without being any way impaired itfelf cither by a 
Diminution of its Oil, or the Lofs of one Angle Atom of its Fire. As 
for xne,l make no fcruple of publifhing an ingenuous Declaration of what 
ought not to be concealed. I indeed forclee, that thofc (they 

defcrve this Appellation both on the fcore of their Ignorance and Mean- 
fpiritednefs) thofe ungenerous Souls will hate me with more than a 
•f Vatinian Hatred. But that gives me no manner of Difturbance ; for 
1 know that People of any fhare of good Senfe will laugh at their 
Snarls, or take no Notice of them, particularly if they recollecSt that 
common and true Saying, Principibus placuijfe viris vel maxime fat eji, 
Thofe vulgar Wretches are but little Dogs, that bark at us, without 
being able to bite; and if our Labours prove acceptable to our Princes, 
no matter for any thing elfe. 

But let us have done with this Topic, and proceed farther on in the 
Conftrudlion of RocketSy and fet our Hands in good eameft to the Work. 



I This Saying is (thrived- from Ydtiauu, the Nane of a Perfon who bore a renarhable Hatred 
to the famoui Qratot CjVsr^ 



CHAP. 
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CHAP. VI. 

Of Sky-Rockets that mount up with their Sticks, 

SORT I. 

•^1 'HE ‘Rocket rcprdented in Fig. 48, which Wc have already fup-Fig. 48. 
**• pofed to be of i IB, has its Height A B 7 Diameters, in like man- 
ner as is its Mould : But from this Height we muft firft retrench ? a Dia- 
meter for the Neck L M, as the Line B D ihews upon A B. More- 
over for the Binding and the Folds of the Choak to £ 7 Diameter muR 
be cut off or allowed j and in fhort, for the Binding of the Head, you 
again take from this Height ^ a Diameter, as may be feen in K I and 
AC; therefore the Height of the Compofition and Report will be ^ i 
Diameters, as you fee in E I or C R. Now divide this Height into 
three equal Parts in the Points S and G and fill it, with a Compofition 
futable to its Size (as wc have already cautioned you) from E to G, that 
is, to I of the Height E I. This done, cover it with a little Cap of 
Paper or Pafteboard G j or what will be much better for great Rockets^ 
a round hollowed Wooden Cap, fuch as you fee reprefented in Fig. 43, 
which ftiall be firmly glued to the Sides of the Rocket. If your Cafe be 
made of Paper or Pafteboard, you fhall with a ftrong Cord cho^ or 
force it into the Hollow in the Curve Surface of this Wooden Cap, 
which Cord may remain to confine it in, as you fee in C^. But if the 
Rocket-Cafe be made of Wood, this Cap need not have its Convex Sur- 
face hollowed, but let it be uniform and plane ; allowing its Thicknefs 
to be i of the Diameter of the Rocket. You fhall fallen it to the Infide 
of the Cafe with little Nails or Wooden Pegs, which fhall be driven in- 
to it from the Outfide, and then well fecured with Glue. You muft be 
particularly careful in doing this ; for I have often feen the Cafes of 
great Rockets remain empty upon the Nails without riling at all, and 
the Compofition for want of being powerfully confined at Top, flip up 
through the Cafe, and confume in the Air without performing the Ef- 
fedl expedled. However, fmall Rockets which are choaked at Top are 
not liable to this Accident. There mull be an Hole made through this 
Cap of J of the Diameter of the Rocket, feveral of which may be made, 
if upon this Cap you would put Running Rockets, or (as they are ufual- 
ly called in Englijh) Squibs, and other little Decorations, which arc 
ufcd in artificial Fireworks, which we fhall fpeak of hereafter. Over 
this Cap you fhall fill the Remainder of the Cafe with good Corn Pow- 
der, which fhall be prellcd down fo gently, as no way to have its Corns 
defaced or broken, that they may be able to retain their Vigour. In 

fliort. 
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fhort, it (hall be bound up clofe at Top^ and then bored from E to F, 
to the Height of ^ of the Length of the Rackety minus a Diameter of 
its hollow Cylinder {viz.) N O j which being fet off downwards from 
G towards E, gives E F, which is the Height it ought to be bored. 

SORT II. 

Take a Racket-Cafe whofe hollow Cylinder is equal in Diameter to a 
Leaden Bullet of 10 Laths or 5 Ounces y let its Height be 4 and i Dia- 
meter, and filled with a futable Compofition to 3 Diameters, and then 
bored to the Depth of two of the fame : Cover the Compofition with 
a Wooden or Pafteboard Gap, having an Hole through it of of the 
abovementioned Diameter, then let the Top be clofed up firmly with a 
f ‘g- ftrong Packthread. The Falhion of this Rocket may be feen in Fig. 49, 

where it is diftinguHhcd by the Letter A. This done, take another 
Cafcy the Diameter of whole Orifice is equal to that of a Leaden Bullet 
of 24 Laths or 12 OunceSy and let it be 5 Diameters of Its Mould \ this 
lhall be filled with a proper Compofition, to the Height of i y Diame- 
ter of its Orifice, and artfully bored to 1 j of the fame Diameter, fo 
that there may rernain f of a Diameter of folid Head. Cover this with 
a Cap as before, and upon that. Corn Powder to the Height of i of a 
Diameter. In Ihort, over all this you lhall put the Rocket you had be- 
fore prepared, which lhall be firmly pafted to the Infide of this. You 
will fee the ConllrUdtion of this lafi: Rocket with the firft in it in the 
fame FigurCy diftinguilhed by the Letter B. To conclude ; take the Cafe 
of a Third Rocket of 2 Tb, whofe Height lhall be to its Diameter as 
we prelcribed in the Second Chapter of this Book, and fill it with a 
futable Compofition to the Height of 2 tt Diameters you lhall cover 
this with a Wooden Cap, whofe Thicknefs and the Diameter of the 
Hole through the Middle of it lhall be 1 of the Diameter of the Mould ; 
and over that, a Report of Corn Powder to the Height of one Diameter 
of the Rocket. This done, fake the Rocket B, with the firft Rocket A 
in it, and putting it into the Hollow of this Third, glue or pafte them 
neatly together, and cover them all three with the Conic Head F, 
made either of Wood or Paper. You have the whole Order of this 
Rocket in the fame Figure, diftinguilhed by the Letter E. 

Obferve here Firft, that the Necks of the two firft Rockets do not ex- 
ceed A Diameter. Secondly 5 that you may take three Larger or three 
Smaller Rockets, and difpofe of them after this manner. But you muft 
take care, that your two LelTer ones be fhortened in fuch a manner, 
that the Third may not lofe any of its Height ; and in like manner on 
the contrary, that they be not fo high as never fo litde to exceed the 
Third that contains them j and let them be always fo proportioned, that 
the Firft exadfly fills up the Second, and the Second with the Firft in it 
elradly fills up the Third. If it happens that the Necks of your 
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Rockets do not nicely obferve the Proportion I have laid down, it will be 
no great matter, provided that their Diameters are as they onght to be : 

And in this Cafe, the Third Rocket mail: be driven with a flower Com- 
pofition than its Size requires. Thus the two Firft will by the Third 
be carried up into the Air, where they perform their Parts ; flying 
from one fide to the other in Oblique Directions j for they cannot 
afeend perpendicularly, for want of Sticks or a Counterpoife j bur we 
lhall touch upon that at the End of this Chapter. 

SORT 111 

Take a great Rocket {vix,) of a, 6, 8, or if you will of lo or 20 lb j 
and fill it with a Compofition futable to its’ Size, and bore it as ufual ; 
according to the Method directed in the firft Sort of Rockets j and after 
having covered it with a Cap, with feveral Holes pierced through it as 
you may fee in A, you lhall fait it over with Meal Powder^ mixed 
with an equal Portion of that in CornSi Then fill up the remaining 
Cavity of the Rocket with fmall Running Rockets^ or (as we call them in 
Englip) Squibs^ and leave a Space in the Middle of them, for a 
Wooden Cafe or Tube, which you fee reprefented in Figure 54, and Fig- h- 
which you ftiall prepare after the following manner. Take a hollowed 
Cylinder or Tube of Wood, equal in Height to the Space left of the 
Rocket t or it may be continued up to the inner Vertex of the Cone that 
crowns your Rocket. Let the Thicknefs of the Wood a b, be i of the 
Diameter a c j and let the Bottom f g be | of the fame Diameter, to 
which may be faftened a Leaden Bullet by way of Counterpoife. This 
Tube or Cafe lhall be filled thus : Firft, pour in Com Powder to the 
Height of i a Diameter, and upon that a Light Batt^ the ConftruClion 
of which I lhall teach you in the Third Chapter of the next Book; 
over this Ball put Jlow Compofition \ upon this, Corn Powder again in 
the fame Proportion as before, and upon that another Light Ball j then 
flow Compofition ; and in this Order you muft proceed till your Cafe 
or Tube is filled up. We lhall treat of Jlow Compofitions hereafter; and 
in our Book of the feveral Pyrotechnical Machines^ we will enlarge 
upon what relates to this fame Cafe. , The whole being difpofcd 
after this manner, and the Tube filled as we have direfted, well re-in- 
forced with good Iron Wire, or ftrong glued Packthread, for fear the 
Powder Ihould fplit it, it lhall be fixed in the Middle of the Squibs 
with its Mouth downwards upon the Meal and Corn Powder abovemen- 
tioned. The whole being thus complcated, lhall beclofed at Top with 
a Wooden or Paper Head, according as the Rocket-Cafe is made of ci- 
ther the one or the other of them. You have a full and particular Re- 
prefentation of this in Fig. 50. Fig. jo. 



S f 



SORT 
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SORT IV. 

This kind of Sky-Rocket differs but little from the foregoing, except 
that inftead of fmall Rockets or Squibs in the empty Space above the 
Compofition, you put either Sparks or Stars (which we fhall teach you 
to make in the Third Chapter of the following Book) interfperfed with 
Meal and Corn Powder : As for any thing elfe relating to it, you are to 
proceed in the fame manner we did with the Firft. Sec the Reprefen- 
Fig- fi- ration of this in Fig. 51. 



SORT V. 

You fhall take a Rocket of any Size you will, and fill it with a proper 
Compofition to z i Diameters of its Orifice or hollow Cylinder j and 
cover it with a Wooden Cap, whofe Thicknefs is 7 of the fame Diame- 
ter j and over that, Cor« to the Height of 5 of a Diameter j and 

upon that, Compofition to I of a Diameter: This muft be covered 
with a Cap, and that again, with Corn Powder as before j and upon that, 
Compofition as before, and fo on till the Rocket is quite filled. This 
done, it fliall be tied clofe and firm at Top, and bored to the Depth of 
Fig. j-i. 2 I Diameters. Fig. 52 fhews you the whole Order of this. 

SORT VI. 

You fhall firfl take a Rocket^ and fill it according to the common 
Rule and Order, and bore it as we did the Rocket of the Firft Sort. This 
done, prepare certain Boxes or Cafes of dry light Wood, the fame as 
Fig you fee reprefentcd in Fig. B, under Fig. 53, or elfe firm Paper Cafes 
like thofe of Rockets^ choaked clofe at Bottom. Then with hot Glue 
flick as many as you pleafe of them, to the exterior Surface of the 
Rpcket as you fee in C, minding to place them in a Spiral Direction, and 
tyc them fall with good Packthread as you fee in the Letter D. Into 
each of thefe Boxes put z^Running Rocket^ filled with Meal Powder ^ and 
opened af thi? Choak, through which and the Boxes, the Fire may be 
conveyed from the great The great might ferve for z Petard 

oc CrMher filled with Corn Powder., but inftead of that, you may ufe 
Iron Crackers^ whofe upper Parc fhall be filled with fine Powder, and 
the lower Part vtiih RocJtet Compofition. The Letter A fhews you one 
of the abovementioned Boxes, with the Running Rocket in it, to render 
fcbe thing more eafy to )«)ur. Apprehenfion. 



SORT 
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SORT VII. 

Fill a Rocket with a reafonable Compofition, to the Height of 2. Dia- 
meters of its Orifice; and bore the faid Compofition to the D^pth of 
one Diameter, and to the Breadth of i Diameter. Cover this Boring 
with a piece of Paper only, to prevent its being filled up whilft you 
driv'^e the reft of the Rocket y this Order you are to obferve till your 
Rocket is quite filled; (namely) by always putting in 2 Diameters of 
Compofition and boring one. See Fig. 55*. 

SORT VIII. 

You muft here obferve the fcveral CircumftancCs relating to the Firft, 
Fourth, and Sixth Sorts, as well in filling this Rocket y as in boring it. Sup- 
pofe then, that you have a Rocket prepared as it ought to be : You fliall 
flick round the Outfide of it, as many Paper Crackers as you fhall think 
fit, (fuch as you fee diflinguiflied by A ) and at fuch Diflances as you 
fhall think mofl proper. Then prime both them and the Rocket with 
Meal Powder. Fig. 56 plainly illuflrates this. 

SORT IX. 

This Ninth Sort of Rocket fhall be prepared after the following Or- 
der : You fhall firfl fill the Rocket with a futable Compofition to the 
Height of 2 T Diameters ; which fhall be covered with a Wooden Cap, 
having an Hole through the Middle of it: And over the Cap you fliall 
put a Layer of Corn Powder to the Height of I of the Diameter of its 
Orifice ; upon which fliall be a Layer of Compofition to the Height of 
i of the fame Diameter. Then raking a flrong Cord, choak the 
Rocket clofe above the Compofitiony leaving only a fmall Hole of Com- 
munication in the Middle of it. This done, you fhall put in Compofi- 
tion afrefh to the Height of I, and upon the faid Compofition Corn 
Powder to the Height of |. In fhort, upon this Powder you fhall put 
Compofition to the fame Height as before, and choak it again a fecond 
time. In this Order you fhall proceed till the Rocket is filled up. This 
will appear obvious to you in Fig. 57. F'g- f 7 * 

SORT X. 

This Rocket has nothing particular in it, to make it very different 
from the reft ; for, firft, it is filled and bored after the fame manner 
with thofe of the Firft, Fourth, and Sixth Sorts. There is only an 
Addition to it of a Report y and Upon that, a longifh hollow piece of 
Wood in a Spherical Form, fill’d with an Aquatic Compofition, (by 

Aquatic 
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Aquatic, I mean fuch Compofitions as are contrived to burn upon or in 
the Water, which I fliall give you in the following Book) or any other 
flrong Mixture. You muft fire this Rocket at the Head before you fire 
it at the Orifice of the Choak, becaufe the upper Compofition has no 
Communication with the lower Part of the Rocket. Being then moved 
oflF, and having taken its Flight into the Air, you will fee two Sorts of 
Fire ( namely ) that of the Rocket darting its Rays downwards, and the 
other iffuing from the Head, and fpreading abroad in the Air like a 
I’ig. j8. great Fire Rain. This is clearly explained to you iiiF;^. 58. 

SORT XI. 

Take 7 fmall of 2, 3, 4, or more Ounces, filled with a com- 

mon Compofitionj and bored as ufual: Bind them up together in a 
round tight Bundle, and wrap them about with ftrong Paper or Pafte- 
board, aiid head them with a large Cone of the fame, as you fee in A. 
You muft not forget to ftick them (I am juft going to inftrudt you in the 
Rules relating to that) in fuch a manner, that the upper End of the 
Stick may come under the great Paper Cafe that encompafles the 
S9\ Rockets. Fig. 59 will fully inftrudl:. you as to this. 

Obferve here that the feveral Sorts of Rockets I have been now treat- 
ing ofi require to have Sticks faftened to them, to fcrve them as a 
Counterpoife, and to aflift them in their right Afcent. They are ufual- 
ly made of light dry Wood, fuch as Pine, Fir, and Lime-Tree. Their 
Length muft be to that of the Rocket in a Septuple, or at moft an 0 <ftu- 
ple Proportion ; that is, they are commonly 7 or 8 times as long as the 
Rocket. They ought to be of a tolerable Thicknefs at the End to 
which the Rocket is tied, and from thence down to the lower End go 
gradually tapering to a Point. The neceffity there is for them, is not fo 
much on the fcore of their Figure, as on account of their extreme 
Equality as to Weight ; or the nice Equilibrium which muft be ob- 
ferved in fitting them to the feveral Weights of Rockets. Now you will 
find it no great difficulty to adjuft them cxadly, if you put the Stick at 
two Finger s Breadth from the Neck of the Rocket upon the Edge of a 
Knife, or upon your Finger, and if in that Situation both Ends are in 
Equilthrio, you are right j that is, the End to which the Rocket is fa- 
ftened and the other muft be exadUy parallel to the Horizon, without 
inclining or wavering to one Side or the other. But if your Stick End 
happens to overbalance, you muft pare and diminifti it till it comes to 
an Equilibrium with the Rocket End. You have a Rocket with its Stick 
fig. 60. plainly and curioufly reprelented in Fig. 60, Brechtelius teaches us a 
Method (which is ealy enough) to find out the proper Length of thefe 
Sticks in Chap. IX. of the Second Part of his Pyrotechnics, as follows : 
Add one to the Number of Fingers that conftitute the Length of your 
Rocket, and multiply the Product by the Length of the Rocket, and you 

will 
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will have the due Length of its Stick : For Example j if the Rocket is 
8 Fingers in Length, add i to them, and you will have 9 ; which Num- 
ber multiplied by 8, which is the Length or Height of the Rocket^ will 
give 72. You fliail then tye a Stick of fo many Fingers in Length to 
your RockeL 



CHAP. VII. 

Of Sky-Rockets that mount up without Sticks. 

SORT I; 

^T^AKE a fmall Rocket of 8j 10, 16, or i8 LothSy filled and bored as 
ufual, and fix four fmall Wings to it after the manner of the Fea- 
thers of an Arrow : (Letter A in Fig. 61 will explain what I mean.) Fig. 6t. 
Thefe Wings muft be made of light Wood, fuch as Lime-tree, or elfe of 
Pafteboard, and mufi: be placed crofs-wife. Their Length Ihall be | of 
the Length of the Rocket^ and their Breadth at Bottom fhall be ^ of the 
fame Length; their Thickne:fe may be left to your own Diferetion; 
Ncvcrthelefs if you would have it in fomc fort proportionable to their 
Length and Breadth, it Ihall be of i or r of the Diameter of the 
Rocket. 

In Fig. 63 1 have given you the Reprefentation of a little Contrivance Fig. 63. 
compofed of 4 Rods, a Bottom, and ah Handle beneath, upon which 
you may fet this fort of Rockets when you fire them. It needs no far- 
ther Explanation, fince it may be , readily underftood by ^e Figure it- 
Iclf. In the Middle of the Bottom-Piece, in which the aforemen- 
tioned Rods are fixed, is a little Cavity or Chamber, that has Commu- 
nicatioU with a little Channel ; the which as well as the Chamber itfelf 
muft be filled with Meal Powder ^ when you would fire your Rocket. 

SORT II. 

This, kind of Rocket differs but little from the former, except that its 
Wings are otherwile contrived ; for upon this you have but three only, 
of the fame Thicknefs with the others, but pretty different from them 
in Height and Breadth; for the Length of thefe is equal to the whole 
Length of the Rocket to which they belong, and are fixed upon it in 
fuch a manner, that the Lower Extremities of them defeend one Dia- 
meter below the Neck of the Rocket y and corifequently their Upper Ex- 
tremities muft fall an equal Portion fhort of the Head of it. Their 
Breadth fliall be a Semi-Diameter of the Orifice or hollow Cylinder of 
the Rocket y as you may fee by a, b. You may, if you pleafe, fire this 

T t kind 
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kind of Rockets upon the Contrivance £^ve<)ejcribed, in «cder to aaki 
f 6i. them % «p w*idi the greater C©fiveffli««y. ^ 

SORT m. 

Havinj^ made a Rocket of what Size you pleafe according to the ordi- 
nary Mediodj you ftiall to the Neck of it faflen a piece of Iron Wyrei 
with an Iron Bullet at the End of it, of the fame Calibre with the 
Rocket : This Wyre dhall be turned ki a Spiral like a Screw, and (hall 
be as near as poflible of fuch a Length, that in cafe it happens to widen 
or ftretch a litdife, the Bullec may notwithftanding be in Mquilibrio 
with the Rockeii in the fame manner as we juft now faid of Wooden 
Fig. 64. Sticksi Fig* 64 will give you a perfect Idea of this* 

S O R t !V* 

After yon have prepared a Rocket as you have been fully direfted, and 
that you have covered the Compojition in it with Corn Powder to the 
Height of one Difunecer^ fill up the remaining Vacancy with Ralpings 
or FUiflgs of Lead j obferving that the Qi^ntity of it be fuch, as to be 
Fig< 6 s- twice the Weight of the Rocket-Cafe it belongs to. Confulc Fig, 
which will fet you right* 



CHAP. VIIL 

Of Watcf'Rockcts^ or fuch as Barn and Swim nfon the 

Water. 

SORT i. 

0 U ftiall fill a Rocket of 2 or 3 Ldths with a fvitable Compojifiony 
**■ to the Height that we ufually fill common Rockets j and fixing a 
Cap upon the Compojition with a Report of Corn Powder above it, it 
(hall be bored throughout the whole Height of the Compojition. This 
done, prepare a Paper Cylinder, with two fmall Wooden or Pafteboard 
Heads or Bafes, having a Hole bored through the Center of each. The 
Height of this Cylinder fliall be equal to but half of the Rocket^ and 
the Hole through the Center of each Head ftiall be made to fit the 
Rocket exactly. In fliort, being nicely fitted, and thruft through the 
Hole in the Center of each Head of the Cylinder, throw it into a 
quantity of melted Wax or Pitch j after which xht. Rocket may be fired, 
tig. 66. and thrown into the Water. See Fig. 66* 



SORTS 
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SORTS n, and lit. 

Thefe Soits jiflfer very lictlc froto foregoing, whether in Size, or 
.icbe manner of -htling and horing them, or any diing dlfe relating to 
.dsek Can&mQion* And the only diii&reace heeween thefe two, is, thart; 
d« fiifl i%. 67,1 'Ought to be fittit irp eo the Neck in a PajJerFig. 67. 
Ctane, whofe Fiertex, (as you fee in the Figure) or Baje^ no matter 
which, is made faft m the Neck of the FLocheU The Socotii. {viz.) 

Fig. hB hpot iotoa Bladder ihll of Wind; which ixmft not be dipped Fig. 6S. 
in melted Wax or Pitch like other fFater-Rockets^ but only dawbed over 
with a Liniment, made of ^arr Parts of Linfeed Oil, two Parts of Bole 
Armoniac* one Part of Flume Allum* and half a Part of Afhes. 

SORT IV, 

The Rocket which you fee reprefented in Fig. 69, muft be prepared Fig 6?. 
after the fame manner we ordered with regard to the Ninth Sort of 
Sky-Rockets in Chap. VI. of this Book, excepting that it muft not be 
bored, and that the Orifice of its Choak is very finalh which it has in 
common with other Water-Rockets ; this is not defigned to move up- 
on the Surface of Water, but to burn in one particular Place j and for 
this Reafon there is a Weight tied to the Bottom of it at A. This alfo 
muft be plunged in melted Wax or Pitch; as well as all the following. 

SORT V. 

Fig. 70 feprefehts a Rocket which is prepared after the fktte mahHerFig. 701 
with the Third Sort of Sly-Rocket in Chap, VI, only with this difference, 
that its Cempojition is feparated by a folid Cap G from certain Sparks and 
Stars intermixed with Meal and Corn Powder* To this alfo belongs a 
little Iron or Wooden Tube diftinguifhed by B i And from each End of 
this Tube* there goes another fmaller Tube {yiz.) C D and F £ ; all 
three of which have a Communication with 6nc another* and likewife 
with the CornpoJitionj and the Stars^ &c. aforelaid. The Fire* aS fbon 
as ever the Cempojition is burn’d down to the Cap, is conveyed through 
the aforementioned Tubes to the Head of the Rocket y where accending 
the Meal and Corn Powder^ the Stars, (and whatever elfe might have 
been in it,) arc blown up into the Ain Its Gounterpoife may alfo be 
feen in Letter 



SORT VI. 

In Fig. 71 you haVe si Rocket that is perfedly like the Sixth Sort of Fig. 71, 
Sky-Rockets which we deferibed in Chap; VI ; for here the great BoXes 
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or Cafes diftinguilhed by E, and the Rockets contained in them by B j 
and the others of fmaller Size* pointed out by ,D, and the lefTer Rockets 
m them by C 5 ftick alfo to the great Rocket A j which communicates 
Fire through the little Tubes H; into the Boxes on each Side of it j 
which enkindling the Powder under the Rockets contained in them, 
blows them up into the Air to perform their Parts. This kind of Rackety 
together with the Boxes or Cafes on each Side of it, mud: be wrapped 
about with ftrong Paper, as may be feen in Gj and then thrown into 
melted Wax : Nor muft you forget to add a Gounterpoife under it, that 
it may burn upright, and float at nearly an equal Height above the Wa- 
ter, 

SORT VII. 

7 i- The Rocket which you have in Fig. 72, has nothing farther in the 
Preparation of it, than what I direiied with regard to the Fourth Sort 
of Rockets in the foregoing Chapter j and all the difference between them, 
is, that this is not to be bored, as I have already obferved j befides its be- 
ing coated with Wax or Pitchj and burning in the Waters 



CHAP. IX. 

OJ Rockets that run upon Lines or Ropes* 

SORT I. 

^1 'YE two Iron Rings or a Wooden Tube to a Rocket filled .with a 
certain quantity of Ounces of a futable Compoftiony and bored 
as it ought to be : Then reave through the Rings, or Tube, the Line 
which you would have your Rocket to run upon. This is of the mofl 
Ample kind j for being arrived at the Place, which the Duration of its 
combuftible Matter will allow it to reach, it there flops. The follow- 
ing will be much more artificial. You have a Reprefentation of this in 
Fig. 73. Fig.yZ' 



SORT II. 

Fill any particular Rockety whofe Orifice may be equal to that of the 
foregoing {but much longer) to the Height of 4 Diameters, and bore it 
to the Depth of 3 j. Then upon this Compofition put a Cap or a little 
Wooden Partition which mufl have no Hole through it, and may be 
glued to the Infide of the Rocket, or any other way well fccured, to 
prevent the Fire, when it is arrived at that Length, from catching hold 
of the Compofition contained in the other Part of the Cafe. This done, 

you 
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you muil charge the Remainder of the Rocket to the fame Height as 
before j namely to 4 Diameters ; 3 of which muft be bored. You 
muft then choak the Rocket at Top, and make a little Receptacle for the 
Priming as at the other End ; or elfe fit a round piece of Wood to it 
with an Hole through the Middle of it, as may be feen in A, which 
muft be covered with a little Cap, as you will fee diftinguifhed by the 
fame Letter. To this you muft add on one Side a Tube made of a ve- 
ry thin Iron Plate, which muft be filled with Meal Powder. Bore an 
Hole through the Side of the Rocket near the Partition in the Middle, 
and fill it with Meal Powder ; which is done, the more readily to con- 
yey the Fire through the Tube, tO the other Receptacle where it lights 
the Rocket at the other End, and confequently obliges it to return back 
to the Place from whence it came. The upper Part which holds the 
Priming muft be covered with Paper, as well as the fmall Tube that con- 
veys the Fire from one End of the Rocket to the other. This fliall alfo 
have a Wooden Tube, or two little Iron Rings to run upon along the 
Line. You will have the more Diverfion if you tye fmall Paper Crackers 
all round it. The Contrivance of this Rocket is very pretty. You have 
a Reprefcntation of it in Fi^.yj^. Fig. 74. 

SORTS m m IV. 

Take two Rockets of equal Length, conftrudted according to the Me- 
thod we have already laid down, and let them be bound together with 
ftrong Packthread, and let the Head of the one be even with the Choak 
of the other, and fo on alternately, to the end that the Firft of them 
being burned out to the very End, it may catch hold of the other, and 
oblige them both to return back again* The extremity by which you 
intend the firft fhall fire the other, (that is the Neck of the one and the 
Head of the other) {hall be capped with Paper, or any thing elfe, as you 
fee in Fig. A, minding to fill the Vacancy of the Cap with Jhw Compo-i 
Jition. In fhort, you muft add a Tube to, them, to run upon. See 
them reprefented by Fig. and 76, by which you will obferve a dilFe-Fig- 7 f- 
rcnce between them j the latter having a piece of Wood hollowed on*^^ 
each Side to receive them both, and keep them at a little diftance 
from one another, in Confideration that if by chance the Firft ftiould 
burft, the other may receive no damage from it. 

Obferve here that xhdt Rockets commonly lerve to fire feveralPy- 
rubolical Machines which are ufed upon Rejoicing Occafions. Some- 
times alfo they are difguifed under the Form of divers Animals, whe- 
ther Fiditious or Real, fuch as. Flying Dragons, Doves, and other things 
which you would contrive to vault and run up and down, which we 
fliall treat of in our Book of Pyrobolrcal Machinery. 

In Fig. 77, 78 and 79, you have three Contrivances for hanging up Fig. 77, 
Sky-Rockets when they are to be fired. 79 * 

U li 



CHAP. 
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CHAP. X. 

Of the federal Defeds ^Rockets. How to avoid them: To- 

gether With what ought he ohferved in the right Conftrudi- 
on afthem^ 

E Tirfi and moR remarkaWe Vice in Rockets^ is, when after be- 
ing fired, and mounted to the Height of 2 or 3 Perches, they break 
and difperfe without performing their proper EiFedts. 

The Secmd, which is not much better than the Firft, is when they 
remain luipended upon the Nails, walling flowly away without moving 
off or riling at all. 

The I'bird is, when in their Afcent they form an Arch, or defcribing 
a Semi-Cdrcle, return down again to the Ground before all their Com- 
fojition is burn’d out. 

The Fourth is, when they mount in a Spiral Line, winding up in- 
to the Air, without obferving an uniform, regular and right Motion as 
they ought. 

The Fifth is, when they move up heavily and lazily, as if they re- 
liilcd or feprned to take their Flight. 

The Sixth is, when the Cafes hang empty upon the Nails, and the 
Qompofition rifes and difperfes in the Air. 

There is Hill a greater Number of vexatious Accidents, which may 
fruftrate the Hopes, the Labour, and the Expence of the PyroholiJi\ and 
which would be too tedious for me here to enumerate. It will be fuffi- 
cient if you keep an Eye upon thefe, which are the moll to be feared 
and provided againll j and in order to avoid and rcdlific them, plcafe to 
obferve the following Rules, 



Jrifallible'^\iije% for the confiruBing 1/ Rockets, vitthout 

any DefeB. 

r. Your Rockets, lhall have their Heights proportioned to their Ori- 
fices or hollow Cylinders, afar the manner we have fo often re- 
peated. 

2. Whether your Cafes be made of Paper, or Wood, they lhall be 
neither too thick nor too thin. 

3. They lhall be made of Paper which is moderately dry, neatly 
fowled, and perfectly tight to the RoviUr^ 



4. Their 
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4. Their Necks fhali be well and firmly choaked 5 fo that neither thd 
Knots of the Cord or Packthread, nor the Folds of the Choak, may di^ 
late or give way j and therefore they fliall be reinforced with Glue. 

5. All the Ingredients that enter into the Compofition^ being exadly 
weighed in Proportion to the Orifice or Size of the Rocket you intend 
to make 5 (hall be firft mealed and paffed through a Scarce feperately : 
Then weighing them again, they fhall be well incorporated together in 
one Mafs> and mealed a fecond time, and palled through a fine Scarce as 
before. 

6. The Saltpeter and Sulphur fhall be purified and mealed as fine as 
poflible : The Coal fhall be perfedly well burn’d free from Moifture, 
and made of fome light fofc Wood, fuch as Lime-Tree, Hazel, and 
Branches of Willow ; And on the contrary be cautious not to make it of 
Birch, Oak, Maple and Service-Tree j becaufe they arc naturally im- 
pregnated with a great deal of grofs Earthy Matter. 

7. Your Compojition fhall be prepared juft before you want It. 

8. It fhall be neither too moift nor too dry j but fprinkled over with a 
little of fome Oily Humour, or a little Brandy. 

9. When you drive your Rockets^ be always mindful to put equal 
Quantities of Compojition into your Cafes at a time. 

10. The Strokes of your Mallet fhall fall in a perpendicular Diredion 
upon the Driver. 

11. Your Rockets muft be driven with Mallets of proportionable 
Weight to their Size ; with an uniform Succeffion, and an equal Num- 
ber of Strokes every time you pour any Compoftion into the Cafes. 

12. In Paper Cafes you fhall cover your Compoftion with Wooden 
Caps, with an hollow Convex or Curve Surface ; but for Wooden Ca-^ 
fes their Convexity fhall be plain, that they may he the more firmly fe- 
cured in the Rocket. 

13. Your Rockets fhall be bored with a futable Borer^ or ^taper-bit, 
fo that their hollow Cones may, be neither too Wide, nor too Narrow, 
too Long, nor too Short. 

14. The Cavity or hollow Cone fhall be as Upright and Perpendicular 
as poffihlc, and exadly in the Middle of the Compoftion \ fb as not in the 
leaft to lean to the one Side or the other. 

15;. You fhall not bore your Rockets till juft before you ufe them, and 
when they are bored they fhall be tenderly haneWed, with the ends of' 
your Fingers only, for fear of difordering their Form. 

16. Their Sticks or Rods fhall be nicely proportioned to them, both 
as to Length and Weight, according to the Rule and Method above gi- 
ven. They fhall neither be bent nor crooked, uneven nor knotty j buc 
as ftrait and as fmooth as poflible ; and if need be, they may be planed. 

17, Your Rockets being, filled and compleated, take care how you put 
them into too dry or too damp a Place } for both' the one and the other 
may fpoil them ; therefore- chufi; fome temperate Place. 



18. When 
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18. When you would fire them, they muft be fiufpended upon Nalls, 
perpendicular to the Horizon. 

19. You fliall not oblige them to move off with Burthens difpropor- 
tionate to their Strength ; and though you are fo exadt as to load them 
with futablc Weights, the ^hole mult be adjufted with regard to 
Form, fo as that it lhall with the moll Eafe cleave the Air, and rife with 
the leall Oppofition } fo that their Burthens may in no refpefl retard 
their Riling, which Is a Motion the moll unnatural and difficult to any 
Body, And this you are to obferve the more nicely, the larger your 
Rockets are ; which mull retain in general (as much as poffible) a Pyra- 
midical or Conic Figure, as being the bell adapted of any Shape what- 
foever to pierce the Air, and to meet with the leall Relillance from 
that Element. Tho’ I mull obferve that a Spherical Form is the moll 
convenient for a Body, which is to turn, rowl, and vault in the Air, 
becaufe of the Equality of its Surface. 

20. You lhall avoid as much as poffible all Rainy, Damp, Milly, and 
Foggy Nights j as alfo thofe which are Tempelluous or Squally. 

21. The different Effedls produced by feveral Rockets, filled with one 
and the fame Compofition, mull not be attributed to any other Caufe, 
than their not having been treated with equal Diligence in every refpe<fl j 
whether in the Driving or Boring of them, and in many other Articles 
which ought to be llridtly obferved. Or elfe to their having been laid 
up in Places of different Degrees of Dampnefs ; and having thereupon 
contraded different Degrees of Moillure, their Flight and Combullion 
will be various. 

22. If you would have them make an Appearance in the Air like 
Fire Raift, or like a Cloud of Fiery Sparks, or like long and broad Rays 
darting downwards: You muff mixyouvCompoJitionsvf\i)\2. little of Glafs 
coarfely powdered, of Filings of Iron, or Sawduft of Wood. You may 
alfo contrive fo as to have the Fires iffuing from your Rockets of divers 
Colours. As for Example ; if you mix a certain Quantity of Cantphire 
in your Ccmpofition, it will yield a White, Pale, or Milky-Colour Fire. 
If you mix a little Greek Pitch in it, it will produce a Reddifh Copper- 
Colour Flame. If Sulphur, you will have a Blue Fire. If Sal Armo- 
niac, it will be Greeniffi, If Crude Antimony, the Flame will be of a 
fad Yellow, or of an Honey or Box-Colour. If the Scrapings of Ivory, 
it will be of a bright Silver-Colour, inclining a little to the Livid or 
Lead-Colour. If the Rafpings of Yellow Amber, it will appear the 
fame, bur inclining to the CitronUh. In fhorr, if you mix your Compch- 
Jition with common Pitch, your Rocket will caff forth an obfeure gloomy 

Fire, or rather a black thick Smoke which will darken all the Air. The 
Sleur de la Porte (fometimes called Baptijia Porta) tells us in his Natu^ 
r^l Magic, Book VII, and Chap. VII, that the Loadjione being buried 
under Burning Coals, commonly emits a Flame that is of a Blueilh, 
Sulphurine, or Iron Colour. Whofoever doubts this, may make the 
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Experiment by fcraping a little of it into Rocket Compojition, and fee 
whether it be as he fays or not : But however let him do it with 
Moderation and fparingly, for fear left a difproportionate Quantity 
of it fliould deceive him in fome degree or other. But I think, 

I have now laid enough concerning Rockets } and I fear, I begin to 
grow tirefome to the Reader, and that I ftiall ftrain his Sight too 
much, if I keep him any longer looking up to the Sky. And in- 
deed, I apprehend that I have left nothing unfaid that may be of Ule to 
the diligent and expert Pyrobolijiy and that I have fully warned him, as 
to what he ought to embrace or fly } what he is to follow or avoid. But 
before I conclude this Book, I muft obferve that it is impoflible to meet 
with any Artift fo perfect, but that he may err fometimes in fome tri- 
vial Point, where flich a multiplicity of Circumftances muft be kept in 
Mind i therefore we ought not to pafs any Judgment upon a Pyroboliji, 
nor infer any thing to his Advantage or Difadvantage, from his good or 
bad Succefs in the Conftrudtion of Rockets. It would be endlefs to enu- 
merate how many different Accidents may happen in carrying on fuch 
ticklifh Works (though at firft Sight they appear no other than Childifli 
Amufements) or even to tell of what Confequence an almoft incompre- 
henfible number of Particulars may be, which Argus himfelf with all 
the Eyes beftowed on him by Fabulous Antiquity ( in Allufion to his 
great Sagacity and Watchfulnefs) would not be able to keep continual 
Sight of ; much lefs avoid falling into fome little Miftakes, and confe- 
quently would be far from providing againft them all in general. There- 
fore ail that can be done in this Cafe, is to take the Advice of good 
Matters, and to confult able Pyrotecbniciansy who often lay their Hands 
to the Work ; for I mutt own and declare, that I make no Account of 
certain Perfons who having no Knowledge in the Pradtical Part, yet ar- 
rogantly take upon them right or wrong to ceniure the Performances of 
thole who are incomparably more knowing than themfelves, with an 
envious Defign of wounding their Reputation, or blafting their Ho- 
nour, or to inttil a mean Opinion of them into thofe who are Ibme- 
times the mott interefted in the Lois or Confervation of the Perfons 
fo decried. But what can we lay to thefe malicious Cenibrs that 
may affront them lefs than that Old Saying : N^e Sutor ultra Crepidanty 
Let not the Shoemaker judge beyond his Laji. Now the whole Excellence, 
or univerfal Knowledge of Pyrotechnics doth not conlift in the Con- 
ttrudlion of RocketSy which is but the leatt Part of that great and noble 
Art j and accordingly we find that they are never employed but upon 
Tumultuous Rejoicings, on the fcorc of Vidlories obtained, Towns fur- 
rendered, or Sieges railed ; or fometimes at the Celebration of Mar- 
riages, or at Solemn Fettivals to divert the Guettsj and in Ihort, at 
public Bonfires exhibited to plcafe the People only. Therefore we mutt 
not peremptorily conclude any Man to be well skilled in our Art that 
has a Knack at making Rockets j for we find but too many who will 
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nipke a Racket well enough j but if you would go any farther with 
them, they will ask Pardon, and defire to be excufed. In truth, it 
would be an arrant Shame, that fuch Fellows fhould aflunie the fine Ti- 
tle of Pyrotechiicians j for with equal juftice might a Mountebank, a 
Country Barber, or a Farrier boaft of being a learned Dodor of Phy/ic. 
This then is not the utmoft Point of Perfedlion in our Arty and we 
rauft believe that there is ftill fomething of a more exalted Nature, that 
properly and pofitively conftitutes the true Pyrobolijiy who may juftly 
bear the Authentic Denomination of Mafier, All our Inventions, and 
Fire Machines, together with that variety of Praftice which will be ex- 
pofed to your View in the Sequel of this Worky will give you a juft Idea 
of the PerfeBi Pyrotechnician. I fay then, again and again, for feveral 
Reafons, that it is impofiible to deduce any Confequence to the Difad- 
vantage of the other Parts of this Great Arty from the regular or irre- 
gular Afcent of Sky-Reekefs j as was pra<ftifed by the Magicians of old, 
who drew Conje<ftures with regard to Human Events from the Flight 
of Birds j and confequently that we ought not raftily (as I have already 
intimated) to condemn thofe, who happen ever to be unfuccefsful in the 
Conftru<ftion of Rockets. What I have here faid is grounded upon fuffi- 
cient Reafons, and is a real Fa<ft; for I knew in my Time a Majler of 
the Ordnance to a great Prince ( whofe Name I fhall forbear here, tho* 
he has never fpared mine) who thought there could be none more able in 
the PyroMic Arty than thofe who were well skilled in making Rockets ^ 
and accordingly not contented with careffing them and receiving them 
with open Arms, and admitting them into the Service of his Prince, 
and placing them in the Rank of Pyrobolijis ; he by all his Endeavours 
fixed them deeply in the Favour of his Mafter, and continually repre- 
fented to him, the Neceflity there was, for that incomparable Know- 
ledge they had in their Art, But he has. fince then perhaps been 
convinced ( if he would be convinced j tho’ at the Public Expence, 
and not at his own) that Rockets are in reality no other than Amufe- 
ments j Inventions more properly calculated for the Diverfion of People 
who would fpend their Lives in Debauchery and Diflblutenefs, than 
the true Thunder of War. And indeed he found by Experience that 
they were not even fufficient to Ihake tho Enemy, much lefs to put 
them into Diforder j and that thofe whom he had, with fo much Care, 
taught to make RockefSy were not only incapable of managing any War- 
like Machine with Skill and Judgment, at a Time when they were to 
tear the Enemy to Pieces ; but alfo unworthy of the Title which he had 
too readily and liberally beftowed on them. As for himfelf, the Story 
fays, that not being aWe, or not darii^ to be prefent on the Spot, he was 
at a Place 40 Miles from thence whifft the ’tragedy was a<fting ; and was 
afterwards found in a fnivig Corner out of all Danger, and meditatii^ 
thk fine Saying in his Heart ; Beattts qui p-ocul Negotiis. Happy the 
Man who is out of Harms-way, 



But 




Book III. Of the Great Art of Artillery. i 7 1 

But God give him Grace to amend himfelf j fo that laying afide ( if 
Shame does not prevent him) the Title and Office of Mafter, he may 
humble himfelf, and fubmit to the Ferula of good and expert ProfelTors 
in our Arty and under them ferve a commendable Apprentifhip j re- 
ceiving their Counfel no longer as impertinent or troublefome Corredi- 
ons, but as ufeful Inftrudions towards the regaining of his Reputation, 
and the re-eftablifliing his Honour. As for thofe worthy Gentlemen his 
Difciples, who once embraced his Inftrudions with fuch Warmth, and 
looked upon whatever he faid as pure Oracles j I beg of them to know 
thcmfelves at laft, and renouncing their falfe Dodrine, to think of pur- 
liiing more rational Schemes for the future, towards the Advancement 
of their Fortunes. But as it is impoffible to recall what is paft, and 
fince it is Sending for the Phyfeian after the Man is dead, to fay any 
thing more about this matter ; I ihall only add that I believe this cele- 
brated Dodor would pretty well cure his own particular Infirmity, and 
apply a Remedy to the Damage he has done to fo many deferving Per- 
fons, if he for the future would continually keep in his Heart and in 
his Mouth thefe Words of the Prince of Orators : *tibi femitam non fa- 
pis Gf alteri monfras viam» fhou thyfelf art blindy and yet wmldef guide 
others. 
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0/Fire Glo BES or Balls. 

H E Word Clohe is of a more cxtenfive Signliica- 
tlon, and what we mean by it is much more va- 
rious as to Form in Pyrotechnics than in Geometry 
for you muft not here think that Globes or Palls arc 
perfedlly Round Bodies, and contained under one Sur- 
face, according to Euclid's, Definition of the Globe 
and Sphere Book XL Defin. XIV ; but that we in ge- 
neral underftand by it, feveral Bodies of various Kinds of Figure, all di- 
ftin<3; and difierent from one another. For firft, there are thole which 
are perfectly Round, fome of which are Solid and others Hollow j of the 
former are all Cannon and Mufquet Balls ^ &c. and of the latter are Gre- 
nada's and Bombs, &c. which are feveral ways filled according to the Rules 
of Pyroboly. There are again Balls made in theFalhionof an Egg; others 
of a Spheroid ; fome in Form of a Citron or Pear, or a Cylinder, and in 
feveral other Shapes which the Workman may give them. Befides thefc 
of fimple Kinds of Figure, there are others compounded, that is, that 
partake of feveral forts of Form together. And what is Hill farther ex- 
traordinary, I have in the Magazines of the Earl of Oldemburg, and in 
feveral other Places, feen very old Grenada's that were fhaped perfedlly 
like a Cube or Parallelopiped. Now let their Qi^alities and Conditions 
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le what they will, and whatever Form or Figure they may bear, I beg 
the Liberty of calling them by the general Denomination of Fire Globes 
or Balls ; at the fame time obferving to give them Sirnames and Epi- 
thets futable to their particular Properties and Effefts, to diftinguilh them 
tlie better from one another. This is the Subject I propofe to entertain 
you with in this Book, which we will divide into Two Parts. In the 
Firjl of which we (hall fhew you, and as it were make you handle (with- 
out any danger of burning your Fingers) all the Sorts of Recreative Fire- 
Balls both Aquatic and TCerreJlrial^ or fuch as run and leap upon Horizon- 
tal Planes j and thofe alfo which are projeded from Mortars, which be- 
caufe they perform their Parts in the Air may be properly enough called 
Aerial. The Second Part of this Book fliall treat of all thofe Balls 
which we call Serious or Military j that is, of all thofe that are ufed 
upon Warlike Occafions, as well to repel and oppofe the Aflaults of the 
Enemy, as to convey Fire and Dread into their Qiyrters, whenever it is 
needful. I hope it will not be taken amifs that I here give the firft 
Place to the Recreative Fire-Balls for in fo doing I only imitate Na- 
ture, who firft forms the Feetus in the Womb, which from Infancy ad- 
vancing by degrees to Puerility, is thence gradually conduded to Virili- 
ty, and at length compleated in perfed Manhood. Thefc Recreative 
Works of our Art are but the firft Fruits, or rather the Seeds which pro- 
duce the many fine Fruits of this noble Science. They are as it were 
the Lower Rounds of a great Ladder to theHigheft of which none muft 
hope to arrive : Or to lay afide the Allegory^ and Ipeak in dired Terms; 
none muft exped to attain a thorough Knowledge of what concerns the 
terrible and wonderful Machines of War, but Thofe of a fertile Genius, 
a robuft Body, and of an Intrepidity not to be ftiaken by the horrid 
Bellowing of Cannon, nor difmayed at the Tempeftuous Iron Hail pro- 
jeded from thofe mercilefs Thunderers. But let us have done with this, 
and take in hand the Subjed we propofed to treat of in this Book. 
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PART L of this BOOK. 

CONCERNING 

RECREATIVE GLOBES. 



CHAP. I. 




Aquatic Globes, or fitch Bum and^'^vax upon the Water. 
SORT L 

E T an hollow Wooden Globe made of what Size you think 
fit, and let both its Convex and Concave Surface be perfedlly 
Spherical : The Thicknefs of the Wood throughout {hall be } 
of the Diameter A B, as you fee in A C, or B D j and Ihall 
be furmounted by a Cylinder, whofe Diameter E F fhall be I of the Dia- 
meter A B, and the Hollow of it G H {hall not exceed 7 of a Diame- 
ter aforefaid. The oppofite part of this Globe fhall be opened, to re- 
ceive a Tompion I K, of the fame Diameter with the above Cylinder j 
by which Opening, the Compojitton mufl be put into the Globe when 
you would fill it ; and through which you have the conveniency of put- 
ting a Petard or Report made of an Iron Plate in a Cylindrical Form, 
and which being filled with good Corn Ptmder^ muft be laid athwart as 
you fee in M. The Globe being thus prepared, fhall be filled with one 
of the Aquatic CompoJitionSj which vye fhall hereafter treat of, and then 
flopped up with a Tompion that has beenfleeped in hot Pitch. This 
done, you fhall run as much melted Lead over it as may be fufficient to' 
make it of equal Weight, or fomething heavier than a Bulk of Water 
of the fame Magnitude with itfelf. I fhall tell you why this is done to- 
wards the End of this Chapter. In fhort, this Ball being adjufled after 
this manner, it fhall be thrown into melted Pitch. When you would 
divert yourfelf with it, light the Priming, and as foon as you find, that 
the Compojition is thoroughly inkindled throw it into the Water. Fig. 80 
reprefents this, 



SORT 
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SORT n. 

This Bally which you fee reprefented in Fig. 8i, differs from the a- Fig. 8i. 
bovementioned no farther, than that the Form of it is not Spherical but 
Spheroidical 5 and the Sedion parallel to the Axis of it is Ohlong. The 
Thicknefs of the Wood throughout the whole, its Tompion beneath 
and its Vent-hole B, obferve the very fame Proportions as in the above- 
delcribed Globe. Beneath it you have a Leaden Grenade diftinguilhed 
by A, charged with Corn Powdery the Neck or Fuze of which goes into 
the Bottom of the Globcy as the Figure ihews you. In Ihort, it muff be 
filled with one of the Aquatic Compofitionsl (hsXX hereafter give youj and 
then well coated with Pitch, before it is thrown into the Water. 

SORT III. 

You (hall get an hollow Wooden Cylinder, made by a Turner, of the Fig. 8i. 
Height A D or B C, w;hich fhall be i i of the Breadth A B or D C ; it 
fhall at Top be flopped up with a Wooden Tompion with an Hole in 
the Middle of it, of a Conic Form to hold the Priming, the inferior 
Breadth of which E F, fhall be ? of the Height of the Globey and the 
fuperior Breadth of it G H, i of the Inferior. You fhall fill it with one 
of the Compojitions I fhall hereafter give you, and flop it well up with a 
Tompion, after having wrapp’d it round with a piece of Cloth dipped in 
hot Pitch or Tar \ beneath it you may fix a Grenadey or a Reporty as you 
fee in M. The whole being thus ordered, you fhall near the Vent-hole 
fix an Molipiley as you fee in L, which is to be contrived after the fol- 
lowing MjCthod. Get a Founder to cafl you a frnall hollow Globcy (or 
it may be of any other Form if you will) or elfe you may make it by 
foldering two Hemifpheres together j from the Top of it fhall ifliie two 
hollow tapering Pipes like Horns, but let their Cavities be as fmall 
as you can poflibly make them, efpecially towards the Extremities of 
them j in fhort, their Diameters may be equal to \ the Diameter of the 
Subfiance of their refpeftive Pipes. Being thus adjufled, cover it with 
Burning Coahy and let it there remain till it is red hot : Take it burning 
as it is, and put the fmall Pipes of it inflantly into Water, and let them 
be immerfed a little till the JEolipile is quite cold j during which time it 
yvill have imbibed a certain Qimntity of Water, more or iefs according 
to the Bignefs of it. This Ball or JEolipile ordered as we have 
now djrefted, you fhall fecure it faff near the Vent-hole of the Water- 
Globe with fmall Nails or Pins running through a little Handle adjoin- 
ing to the Lower Part of it. This done, you fhall fix two fmall Leaden 
Flutes or Tubes on each fide of your Water-Globe y fuch as you fee in I 
and K (in the fame Figure) fo contrived that their Upper Orifices may 
exadly fit the Extremities of the Pipes of the JEolipile, Having done 
A all 
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all this fet fire to the Priming with the End of a Match, and when the 
Compojition is accended and got to a ftrong Head, throw it into the Wa- 
ter j and in a little time the Fire iflliing from the Vent heating tbca^ffioA- 
pile to that degree as to make the Water in it boil, it will dilcharge its 
Steam through the fmall Pipes with great Violence, which rufhing into 
the Elutes abovc-mention’d, they will yield an odd kind of Harmony. 

Fig. 81. Fig, 82 will give you an exaft Idea of this. 

SORT IV. 

Fig. S3. In Reprefentation of a Water-iahhe^ which the 

Germans call Binfchwerm. This needs no particular Defcription to il- 
luftrate it, for the Figure explains itfelf. The Height of this G/oite Ihall 
be proportioned to the 'Running Rockets it is defigned to contain, tho’ it 
is generally made i j as long as it is broad. The Wooden Tube diftin- 
guifhed by A, ought to be equal in Height to the Globe j and fhall be 
filled with a Compojition of 3 Parts of Powder^ 2 of Saltpeter^ and one 
of Sulphur, You again, are to add underneath it a Paper Cr acker ^ as you 
fce in C ; D is a piece of Lead ferving for a Counterpoife ; in fhort, you 
muft add a round piece of Board to buoy it up upon the Water, a Projil 
of which is reprefented by B. 

SORTS V, and VI. 

Fig. 84. In Fig, 84 and 85 I prefent you with the Conftrudtion of two Waters- 

and Sj’. which have a near refemblance to one another as to Effedt, but 

very little Affinity to each other as to Form. In the Firji of thefe, the 
Middle of it A, is filled with an Aquatic Compojtion, which muft be 
ftopped up with a Wooden Tompion as you fee in H; which muft be 
pierced through and through in the Middle to receive the Priming. In 
B and C you have certain Hollows or little Receptacles for holding 
fmall and great Rockets, The Letters E and D point out the fmall 
Tubes of Communication, through which the Fire is conveyed to the 
Rockets, F is an Hole through which the Fire has Paflage to the 
Leaden Grenade^ or a Cracker^ one of which we ufually faften to the 
Bottom. So much for the Firft Figure^ proceed we now to the Second. 
You are to fill the Middle of this, as well as that of the former, with 
an Aquatic CompoJtioUy as you fee in A. This Globe inclofes two Orders 
or Sorts of Rockets (w2.) Greater as B, and Smaller as C. The two 
Tubes which convey the Fire from the Body of the Globe to the two 
Rockets are denoted by H and N. D is a Report of Corn Powder^ which 
is feparated from the Compojtion by the Wooden Partition E, which has 
an Hole bored through the Middle of it. Farthermore F is a Cap that 
covers the Compojtion^ which is In like manner perforated in G, where 
you are to fet Fire to the Whole. You may make Covers or Heads of 
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parted Paper, or of Canvafs dipped in Glue, and fometimes made of an 
Iron Plate, with which you cover the Tubes M and N, which hold 
the Running Rocket in order to hide them. In fhort, O and P arc 
two Cavities or Grooves which are to be filled with Meal Powder^ to 
fire the Rockets which are placed over them. The Projil of this will 
fully inftrud you. 



SORT VII. 

Get a Wooden Globe that is perfedlly Round and Hollow within, and Fig* 86. 
pierce the Outfide of it with certain Cavities, of fufficient Capacity to re- 
ceive 2iRunningRocket } however take care that they be not made fb deep, 
but that there be the Thicknefs of a Finger of the Wood, between the 
inner Extremities of them and the Aquatic Compojition, contained in 
the Middle of the Globe A. That the afdrefaid Compojition may have a 
Communication with ihG,Rockets which are thruft into the Cavities above 
mentioned, you fhall bore the Wood between them with a fine Gimblet, 
or with a red hot Iron Pin, juft as you fee inBi which Hole fhall be filled 
with Meal Powder. This done, the Vertex of the Globe ftiall be fur- 
mounted by a Wooden Cylinder or Tompion, crowned with the He- 
rn ifphere C, made hollow to receive the Priming. In the oppofite Part 
or Bottom is a Tompion D, which islikewife hollow to givePaflage to 
the Fire, that it may enkindle a Cracker which we commonly fix be- 
neath it. In fhort, E points out a Leaden Counterpoife which is de- 
ligned to keep the whole upright in the Water. See Pig. 86. 

SORT VIII. 

The Form of the Globe in Fig, 87 is not Simple in its Conftru(rtion Fig. 87. 
like the foregoing, but is pretty Complex j for its Lower Part is an hol- 
lowed Cylinder, which is furmounted by a Concaye Hemifphere as G* 

The Cylindrical Part is filled with Paper Crackers as C, and the Hemif- 
pherical Part with an Aquatic Compojition as may be feen in A. This Compo^ 

Jition is feparated from the Crackers by a Wooden Partition D \ through 
which paffes a Wooden Tube as B, whofe lower Extremity muft fall 
fliort of the Bottom of the Globe. This Tube muft: be filled with fuch a 
Compojition as I preferibed for the Fourth Sort of Globes. Beneath all, 
is a Paper Cracker as E, and a Leaden Counterpoife as F. H is the 
Vent-hole, where you muft prime your Globe in order to fijre it. 

SORT IX. 

The JVater-'Globe you fee in Fig. 88 is a Spheroid, though you may Fig, 88. 
have it perfcdlly Round if you will. The Body of this muft be filled 
with one of the Compofitions we fhall hereafter give you. The Outfide 
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or Convex Surface of it is fluted or hollowed in feveral Places, for the 
niote cohVehieritly fixing of Crackers to it. Thefe are diftinguiflied by 
the’ Ldtttff A. Oh one Side of the Figure in Letter E, you have the 
Form” of thefe Crackers^ which arc to be laid in the abov^-mentioned 
Fluting^, to eiu:h of which belongs a little Iron or Copper Fuze, which 
muft be filled with Meal Powdery and fo ordered as to fit the fmall Holes 
you fee in the Flutings, and which are diftinguifhed by B. Through 
thefe the Fire has a Communication from the Body of the Ball to the 
Crackers. F points out the little Fuzes before-mentioned, and fliews 
how* th^y are to be fixed to the Crackers. C is the upper Orifice for 
the" Pfitiiing. In fhort, D is its hollow Tompion, through which the 
Fire is coiriitiunicatcd to the Whole. 

SORT X. 

Fig. 89. As for the Confirudion of the Globe Fig. 89, you will readily con- 
ceive it,' the explaining itlelfj therefore I fhall not trouble you 

with a particular Detail of li. I fhall only obferve that the little Cham- 
ber A at Bottom ought to be 7 of the Breadth of the whole Glokcy and 
that its Height fliould be i 7 of its Breadth. Secondly, that the Water- 
Ball B, fhall- be as \Ve ordered in the Firft Sort, and on all Sides incom- 
•^ 7 dCt^'VivCt\ 2ccL Aquatic as may be feen by H. That the 

Chaihbcr A fhall bfc covered by the Partition C, to the end that when 
tht Powder in k fhall have tht Fire conveyed to it, through the 
Pipes or Tubes E, F and G, it may with the more Eafe and Force blow 
up the Ball in the Belly of the Firfl j which taking fire at the Hole D, 
will burn upon the Water, and will foon after to the Aftonifhment of 
the Beholders blow up the other Ball that was in it. In fine, I mufl 
caution you to fecure the piece of Wood that covers the Whole as well 
as poffible, for fear it fhould be blown up by the Comfojition oi the 
greater Globe before it is all burned out. 

SORT XI. 

Fig. 90. If you confider the Globe reprefented in Fig. 90 as to its Effedt, you 
will find that it has a perfect Refemblance with that we have been juft 
now deferibingj except that inftead of containing a Spherical Globe in 
its Cavity, it has Iron Petards or Crackersy as may be feen by the Letters 
B and F ; befides that it retains the Form of a Cylinder, and is flat both 
at Top and Bottom. Above the Crackers it is filled with an Aquatic 
Compcjitiotiy like that above deferibed, as may be feen by A. The Tube 
C which goes through the Body of it, and touches the Matter contained 
in the Chamber'Di' ought to be, filled with fuch a Compofitioriy as we di- 
redled for the Fourth Sort of thefe Globes. Near the Lower Extremity of 
this Tube you- fhall bore an Hole sis E, by which the Fire may have Paf- 

fage 
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fage to the Crackers when the Globe is blown up. In fliort, tjic Cham- 
ber D in the Part where it is broadeft ouglit to be 7 of the Breadth of 
the whole Globe itfelf, its Height Ihall be ^ but underneath it will 
be fufficient if it is 7 of the aforementioned Breadth. G is 2. Paper 
Cracker which is made faft beneath all. H is a little Communication 
between the Chamber and Cracker. 

SORT XII. 

As to the Conftrudtion of the following Globe {Fig. 91.) You firft muft F«g- 
have an hollow Wooden Cylinder made, having in the Bottom of it a 
Chamber which may be filled with Powder : Its Orifice fhall be, at lead 
one Foot in Diameter, and its Height i 7 of its Orifice. Being thus, you 
fhall adjud a round Board whofe Convexity may exadtly fit the Concayh 
ty of the Globey and freely flip down into it": Beneath this Board fhall 
be a Wooden Tompion to confirie the Powder m the Chamber, and 
through this Tompion fhall pafs an Iron Tube filled yiith. Meal Powder, 
or with that Compojition we mentioned for the Fourth Sort of thefe BalU. 

You will fee the Reprefentation of all this in the Figure under the Let- 
ters A, B, C, D, E. In the Third Place you fhall prepare 6 
Balls ov more, as you fhall think proper, of the fame Form as we de- 
feribed in the Firfl and Second Sorts, or any of the foregoing, each of 
which fhall have an Iron Fuze in its Orifice filled with good Meal Pow- 
der. Let all thefe Balls be of fuch a Size, that being difpbfed in a cir- 
cular Form, and joined clofe to one another,' the imaginary Circle they 
are contained in, may not exceed the inner Circumference of the great 
Globe, in which you would lodge them, that is, that they mufl as exact- 
ly fit each other as poflible. This done, and having charged the Cham- 
ber of the Globe with Corn Powder, you fhall let down the round Board 
with its Tompion before mentioned into the Globe, and upon that you 
fhall range in a perpendicular Situation the 6 Water-Balls all round the 
Iron Tube j Water-Balls m\\fk be furmounted by another round 

Board, with 6 Holes bored through it, which muft exadlly fit the Fu- 
zes in the Orifices or Vents of the faid Balls, and be at fuch diftances as 
nicely tocorrefpond with the fame Fuzes j which running up through 
them fhall rife a little above the faid Board. The better to conceive 
this, caft your Eyes upon the Figure at the Letter G. This laft Board 
or Partition fhall be fpread over with a good Quantity of Meal and Corn 
Powder TsisKtdi together, and upon that fhall be placed as many Running 
Rockets as the Globe can hold. In the midft of thefe fhall be fixed a 
large Rocket (which muft not be bored) into whofe Orifice the Iron Tube 
(before mentioned) beneath may enter s this Tube is the fame which 
you fee in H j and fhall be pierced through and thfough all round, up- 
on the Plane of the aforefaid Partition ; to the end that the Fire having 
a Communication through them it may accend the Running Rockets, and 

at 
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at the fame lime inflame the Water-Balls whole Fuzes rife up through 
the Partition j and from thence, after having penetrated down to the 
Chamber beneath, it may be fprung, and blow up the Whole into the 
Air, and make itfelf be heard. In this Figure the Letter F points out 
the 6 Water-Balls^)^xht Great Rocket in the midfl: of the Running onesj 
L the Chamber for the Powder j M is a Communication to convey the 
Fire to the Paper Cracker N. In fliort, this Globe being adjufted after 
the manner we have now direded, it fhall be well cafed and envelopped 
with a proper Covering, and thrown into Tar to preferve it from the 
Water. 

SORT XIII. 

The Water-Globe I am now going to deferibe, and which is repre- 
Kig. 92. fented in Fig. 92, is by the Germans called Wajfer Pumper by which 
they mean a Pump or Pipe, or any fuch Hydraulic Contrivance j they 
again call it W ajfer Morfer, which lignifics an Aquatic Mortar-Piece^ or 
a Mortar that will ferve upon the Water ; and is to be conllruded after 
this manner. Take feven Wooden Pipes or Tubes, and wrap them 
round together, with a Tarred, Pitched or Glued Cloth, and gird them 
firmly round with Cord or Mar-line. Their Height, Breadth and 
Thicknefs of their Wood, may be ordered as you fhall think proper ; 
except that you muft allow the Middle one a fomewhat greater Height 
than the reft: Thefe Tubes then (having the higheft in the Middle of 
them) ftiall be bound up together in one Cylindrical Body, as may be 
feen in D. Beneath the inferior Extremities of them you fhall fix, (by 
way of Bafe or Bottom) a round piece of Board as you fee in C, to which 
you fhall faften thefe Tubes with fmall Nails ; and be not fparing of 
Glue to flop up all the Cracks or Crevifes to prevent the Compojition 
from taking Air. This done, you fhall fill your Tubes according to the 
Order you may obferve in Fig. A. Firft you fhall pour into each of them 
a little Corn Powder^ to the Height of about half an Inch j and upon 
that, put a Water-Ball as you fee in Gj upon that,^<?w Compofition\ and 
then Corn Powder again ; and then a Water-Globe filled with Running 
Rackets^ as may be feen in H j and upon that again ^ow Compojition^ then 
Corn Powder, and then a Light Ball as may be feen in I. Over this you 
fhall a third time ^mjlow Compojition and Corn Powder as before, which 
fhall be covered with a Wooden Cap: Upon this Cap you fhall Running 
Rockets, but not fo clofely together, but there may be room between them 
for a Wooden Cafe filled with an Aquatic Compojtion. In fhort, to con- 
clude, you fhall fill the Remainder of the Tubes yf\\hjl<m Compojtion, and 
then ftop them well up. All your Tubes being filled after this manner, 
you fhall get a fquare or round piece of Wood, no matter which, with 
an Hole in the Middle of it, big enough to receive the Ends of all thefe 
Tiibes thus bound together, which you fhall ftop near the Tops of them 
to buoy them up, and preferve the Powder or Compojtions from being 

Wet. 
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Wet. This Float-Board is diftinguiflied by the Letter L. The whole 
being prepared purfuant to the Diredlions here given fliall be dipped in- 
to a Q^ntity of Tar. Then fhall the Rocket M be ftuck into the Ori- 
fice of the Middle Tube, or infiead of it, a fmall Wooden Tube filled 
with a ftrong Compojition, and that will burn upon the Water (as I have 
fo often mentioned) which is the fame with the Compofition I ordered for 
the Fourth Sort of Balk. As to any thing farther relating to this you 
may readily trace it out from the Scenographical Figure^ which we have 
here drawn. 

Obferve here in the Firfi: Place, that it is neceffary that the Middle 
Tube ftiould have a little more Jlow Compojition in it than thofe which 
encompafs it. 

In the Second Place, take Notice that if you would have all thefe Col- 
lateral Tubes take Fire at once, you muft pierce the Sides of the Great 
one with fmall Holes, each of which fhall correfpond with one of the 
Tubes, by which means the Fire may be conveyed to all of them at 
once, and confume diem equally and in the fame time. But if you 
would not have flich a quick Confiimption of them, but on the contra- 
ry would have the Pleafure of feeing them burn one after another, you 
muft head them well up with ftrong Paper, and to each Tube fix a lit- 
tle Pipe of Communication, filled with Meal Powder or a Jow CompoJ- 
tioHy through which the Fire may be conveyed from the Bottom of that 
which is confumed, to the Orifice of that next to it, and fo on fuccef- 
fively to fuch as have not been fired. 



COROLLARY I. 

Of Odoriferous j or Perfumed Water -Balls. 

E T a Turner to make you fome hollow Balls of the Bignefs of a 
Walnut or Crab, which you fhall fill with one of the following 
Compojtions : Being all ready and filled, you fhall, after having lighted 
them, throw them into Water j (this I underftand to be done in fome 
Room or Apartment) but firft you fhall add a little quick Match to 
them made of our Pyrotechnic Tow, or Cotton Wyck, that the Compoft- 
tion may be lighted the more conveniently. Thefe Compojtions are as 
follow : 

Take of Saltpeter 5 iiij, of Storax Calamita 5 j, of Frankincenfe ^ j, of 
Majic 5 j, of Amber 5 fs, of Civet | fs, of Sawduft of Juniper ^ ij, of 
Sawduft of Cyprefs ^ ij, and Oil of Spikenard \ j j make your Compjtion 
of thefe according to Art and the Method laid down. 

Or elfe take of Saltpeter,^ ij, of Flower of Sulphur or Brimjone ^ j, of 
Camphire ^ fs j of the Rafpings of Tellow Amber finely pulverized | fs ; 
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of Coal of Lime^^ree-WoodW't of Flowers of Benjamin ox AJfa Odoratd 
^ fs. Let than be finely pulverized, then piixed and incorporated to- 
gether. 



COROLLARY II. 

0/ the Compofidons for Water-Globes or Balls, whkh burn 
as well upon the V/aXcr as in it. 

I. 

ppIRST take of Saltpeter finely mealed i6 tbj of Sulphur 4 lb; of 
*• the Sawings of Wood that have been previoufly boiled in a Saltpc- 
trous Lye or Water, then dried, 4 lb j of good Corn Powder lb fej of the 
Shavings of 1 ‘uory 5 iiij, 

II. 

Take of Saltpeter 6 lb j of Sulphur 3 lb j of Meal Powder i lb; of 
the Filings of Iron or of Hammer-Jlaw 2 lb; and of Greek Pitch lb 

III. 

Take ol Saltpeter 24 lb; of Meal Powder 4 lb ; of Sulphur 12 lb; of 
Sawduji 8 lb ; of Amber Powder lb Is ; of Glajs coarfely powdered lb Is ; 
of Camphire lb Is. 

You mull obferve the very fame Rules in the Preparation of thefc 
Compofitionsy as we taught with regard to thofe defigned for Rockets ; ex- 
cept that the Ingredients need not be fo finely mealed, but they mufl be 
to the full as well mixed and incorporated. You mufl take care that your 
Compoftion be not too dry when you would fill your Globes ; and for this 
Reafoji it fhall be moiflened with a little of the Oils of Linfeed, Oliver 
Naptha or Petrol^ Hempfecd or of Nut, or any other Fat Subllancc that 
is fulceptible of Fire. 

Belides the Aquatic Compojitions above-given, from my own Expe- 
perience, you may contrive others at pleafure, by obferving to take the 
Ingredients in different Proportions to one another. This indeed you 
will find ealy enough ; but I would have you try them from time to 
time, before you exhibit them publickly. It will be of very great Im- 
portance to fuch as would have a perfedl Knowledge of the Nature of 
Compojitions^ to be extremely well acquainted with the particular Vir- 
tues, Properties and Effeds of each Ingredient they arc compofed of; 
for as Arijiotle faith in Lib. VII. Cap. X. of his Pbyjics^ Ex particulari- 
bus pracegnitis univerfalis acquiritur Scientia : Tthe Knowledge of parti- 
cular Tubings leads us to unherjal Science : Therefore I mull defire you 
to conlider attentively what I am going to fay to you of all thefc Ingre- 
dients feparately. 



Gun- 
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Gun-powder is the Firfl: and Principal of them all, the moft violent 
when accended, and burning more outragioufly than any of the reft : 
Whence it is that it powerfully refifts all kind of Moijiure to prevent its 
Flame from being fupprelfed by it. 

Saltpeter well purified may be placed in the Second Rank. Wc have 
treated largely of this when we had occafion to fpeak of its Nature and 
incredible Virtues in Gun-powder : But befides what we have faid of it, 
we fhall add, that it has an unaccountable, particular Quality, of repel- 
ling and difperfing the Drops of Water which prefent themfelves near 
the Orifices of Water-Globes^ &c. which muft be owing to its Windp 
Expanfion. 

All Oils mixed with the Compojttions in moifieuing them, when they 
are well united with the other Ingredients^ keep up the Fire in fpite of 
die Water, and feem to fide with it to prevent its Extindion ; and this 
becaufe of a Fat Humour, together with a very Aerial and Igneous Sub- 
ftance natural to them, which the Fire embraces wdth fuch Eagernefs 
that it is impoffible for them to difengage themfelves from that Element, 
when once caught hold on by it j and as all Oils arc of a pretty denfe 
and tenacious Subftance, and their Parts not to be disjoined or difperfed 
cafily, it is a hard matter for Water to difpoffefs the Fire^ when tho- 
roughly pofiefled of fuch Oils j and for the very fame Reafon it is that 
Water is incompatible with them, and cannot infinuate itfelf into them, 
and more particularly when there is a pov/erful Majier within, who 
rages, and refolves not to quit his hold, till he has firft removed every 
thing belonging to him, and devoured all that can be converted into his 
own Form or Subftance. 

Sulphur has very great Virtues, which indeed for their Excellence 
ought to hold the Firft Rank j for from this Ingredient it is, that all the 
Compojitions w^e have mentioned derive a great part of their Strength, 
and would infallibly be imperfed; without it : Inafmuch as it is the par- 
ticular Office of Sulphur^ to conceive the Fire upon all Occafions, and 
having once conceived it to communicate it to the other Ingredients 
with which it is incorporated. In fliort, I believe there cannot be found 
any kind of Fat or Bituminous Subftance, that can be comparable to 
this, as well for retaining and preferving a Flame when once conceived, 
as for proteding and defending it againft all Enemies who by the Con- 
trariety of their Qualities endeavour to deftroy and fupprefs it j and this 
proceeds from a certain Sympathy between it and Fire^ or from a natu- 
ral Parity of Subftance j or from fome unaccountable occult Friendfhip 
mutually fubfifting between them, and which renders them infcparablc 
whenever they meet together. 

Amongft the rare Qualities of Camphire^ that of retaining and pre- 
ferving an inextinguiftiable J%fflieisnone of the leaft, and it may boaft of 
being the only Oily, Bituminous, or Fat Subftance to whom Nature hath 
granted fo extraordinary a Properqr. But be this as it will, we by Ex- 
perience 
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perience find, that without the help of any other Ingredient it burns in 
the midft of the Dampeft Things, and maintains its Combuftion with 
fuch Obftinacy, that it feems as if it would give Laws to them, even in 
their own proper Element. If you doubt this, light a piece of it and 
put it upon Ice, or if you will in Snow (taking care not to bury it clofe 
up, but to leave an Opening for the Air) and you will fee that it will 
melt, both the one and the other, and fupport itfelf, notwithllanding 
their Frigidity, to its utter Confumption. Moreover, being pulverized, 
then lighted, and fcattered over the Surface of Water, it produces an 
agreeable Appearance j for it feems as if the Water itfelf, upon which it 
floats becaufe of its Lightnefs, was all inflamed. However you muft un- 
derftand that it does not conceive the Fire fo readily from any particular 
Heat that is natural to it, but becaufe it is of a very fubtile Fat Sub- 
llance. From whence happens that llrange and admirable Phcsnomenon^ 
that if you throw fome Camphire into a Bafon which has Brandy in it, 
and let it boil to its univerfal Evaporation, in fome clofe Apartment, it 
will be ratified and converted into fo fine a Vapour and fuch fubtile Ef~ 
jiuvia, that the Door being opened fome time afterwards, and you im- 
mediately enter into the Place with a lighted Torch, all the Air in the 
Room will inftantly take fire, and appear like a Flafh of Lightning, 
without doing the Icaft Damage to the Building, or without in the leaft 
hurting any of the Spedators. This arifcs from the extreme Subtility 
of it : For you muft think that Fire will not burn, except when its 
Parts are very clofely united : And this may be farther obferved in the 
Paper of this Country, which being in a Blaze you may freely pafs your 
Hand over it, without any danger of being burned. The fame is it 
with Brandy, which emits fo fine a Flame that an Handkerchief being 
dipped into it, it will be confumed from one End to the other of it, with- 
out hurting the leaft Thread of the Handkerchief. 

All Sorts of Fitch and Bitumen^ amongft which we may reckon the 
Rafpings of Tellow Amber ^ (though it has naturally no great Affinity with 
them, as we ffiewed formerly from Scaliger) produce a ftrong Smoke, 
which retaining a great deal of Fire^ and much Aerial Spirit in it, muft 
confequently be very light, and tend upwards j and therefore break- 
ing violently through the moft clofely united Parts of the Water, it 
ferves as a Forerunner to the Fire^ and clears the Way for it, to alpire 
in its natural Diredtion : For being colledted in little Whirlwinds un- 
der the Water, it briskly blows up the fuperincumbent Liquid which 
oppofes its Excurfion, and caufing at the fame time a great num- 
ber of large Bubbles upon the Surface of it, declares its Refolution of 
not fubmitting to an Element which is ordained by Nature to lye be- 
neath it. 

The Sawduji of Wood, Filings of Iron, and Powder of Glafs, being 
heated by the other Ingredients which are more combuftible than they, 
are blown up aloft by the Strength of the Powder and Saltpeter^ where 
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appearing like a Cloud or Shower of Sparks they yield an agreeable Pro- 
ipedt to the Eye, and immediately falling down again upon the Surface 
of the Water (hot as they are) you hear a Succeflion of fmall Noifes 
which are by no means difagreeable. Now you muft know that thefe 
Things are not ufed in Compojitions purely to pleafe the Eye or Ear ; 
but they alfo greatly reinforce the Fire by keeping its Rays united; 
which is one Reafon why it is able to fubfift in any kind of Liquid. 

And indeed their real Office is to increafe the Fire j for from its great 
Redundance, and Denfity it is, that it contemns the Attacks of its 
Enemy; and this we may reafbnably affirm if fb it be, that thofe 
Powers which are the moll perfedlly united are always the llrong- 
ell. The Strength of thefe Ingredients is not a little added to, by their 
Confinement; becaufe the Limits preferibed, being unequal to their 
violent Expanfion, they rulh with great Impetuoufnefs through the Vent 
or Orifice of the Ball^ or whatever elle contains them ; and thus Scaliger 
tells us. That Reftraint adds to their Force. 

I have now done with what I propofed to fay • concerning Aquatic 
Compojitions \ which may be of great Ufc to the Fyroboliji^ if he gives 
dpc Attention to it, and at the lame time lludioully confiders the fevc- 
ral Particulars we have here handled. 

Give me leave to entertain you now with a Story ^ relating to the dif- 
ferent Properties of Fire and Water ^ and the mutual Power they exercile 
over each other when they contend for the Soveraignty. 

This Story is pretty common, and is related by Philander from Siiidas^ 
in the Preface to Ub. VII. of Vitruvius. Ruffinus alfo mentions it in 
Fcclejiaji. Hijlor. Lib. II. Cap. XXVI. nearly in thefe Terms : At the 
I’ime when the Chaldeans facrif eed to Fire as to a Divinity whom they 
revered above all other Celejlial and Elementary Powers i boajling that 
their God alone was able to fubdue all ’things^ and confequently (according 
to their way of arguing) it was but juji and equitable^ that thofe Honours 
Jhould be paid to him which had been ufually given to others : Adding that 
the Gods of other Nations^ whether made of Brafsy Silver or Stone^ or any 
other Materials whatfoever^ were unable to withfand him^ and that he de- 
voured all that came in his Way : It happened that the Priejl of the God Cano- 
pus heard of this ; who being a Man of Wit and Cunningy he undertook to 
undeceive them^ and to demonfrate that there was fill a Power, to whom 
their God would be obliged to yield : And in order to thisy he caufed a large 
Pitcher to be made full of HoleSy which was well coated over with Wax^ 
and painted of fever al Colour Sy and then filed with Water, ^his Pitcher 
being thus preparedy he fixed it upon the Shoulders of a great Statue 
(which he pretended to be the Statue of Menelaus ) infiead of the Head 
which he had taken off. In a little time aftery the Chaldeans coming to be 
Witneffes of this decifive Contention between their Deity and the other y they 
let loofe the Fire at himy who fiock fill expelled his Adverfarfs Affault. At 
JirJi (the Story fays) the Fire animated by the Sight of fo mighty a Co.lof* 

B b b fus. 




1 86 Of the Great Art of Artillery. Book IV. 

fus, laid hold on him witb fucb Violence and Objlinacy^ that every one pre^ 
fent concluded he mujl remain Majier of the Fieldy efpecially when they be^ 
held the Immobility and InaBivity of hit Aatagonift. But Fate would 
have it otherwifCy and foon made the SfeBatort of a diferent Opinion j jor 
in a little while after this great Body had been thoroughly heatedy and that 
the Fire had dijfohed the Bonds which kept his Enemy imprifoned in the 
Scull of the Statue 'y be infenfibly found himfelf feized with a cold Sweat, 
which trickling down from Head to Footy foon fackened bis Heat, and de- 
prived him of all Hopes of the ViBory he bad promifed himfelf In Jhorty 
the Combat did not hang long in Sufpence ; for the Holes of the Pitcher being 
by this time all openedy the Water gujhed out furioujly upon himy and over- 
whelmed him on all fides j fo that in expiring be was obliged to acknowledge 
that he was overcome, and that Water ou^t to be preferred to him. The 
Chaldeans equally ajhamed and affliBed to fee their once favorite God in 
this deplorable Condition, retired dijfatisfed with the Combat, and from 
that Fime forwards forfaking Fire, they fded with the Egyptians. This 
was the Event of the Canopian Prieft’s Stratagem. 



COROLLARY lU. 

Of the Due and Proper Weight of each Water-Globe. 

I AM now going to perform the Promife I made you, in my Deferip- 
tion of theFirft Sort of JVater-Globes,\i is then very evident freon the 
Experiments that have been made, and even from the Demonftrations of 
Archimedes ifaLib. 'urfoi, rm i^ofAivuv, Scefeu deI^dentibusHumido,Prop, 
3, 4 and 7.) where he fpeaks of Bodies immerfed in Water, I’hat Solids 
of equal fpecife Gravity with Water, or any other Liquid, being immerfed 
into it, will remain fuJPended in it, and will be fupported by it, neither 
finking beneath nor rifng above the bighefi Surface of it. But Solids which 
are Jpecifcally lighter than a Liquid, will upon being immerfed in it, afeend 
above the highejl Surface of it in a certain Proportion. In Jhort, Solids 
which are Jpecifcally heavier than a Liquid, will fink down to the Bottom, 
and lofe as much f their Weight whilfi in Liquid as a Bulk of the Liquid 

equal to themfelves in Magnitude would weigh. Therefore as all Globes 
^figned for this Ufe are made of Wood, and notwithftanding tlicy are 
filled with an Aquatic Compofition, are lighter than Water, they mufi; 
(according to Archimedes) rife in fome proportion above the highefi: Sur- 
face of it ; and that in fuch degree, that the Part of the Globe which 
is immerfed, preiTes upon the Surface beneath, with a PrelTure equal to 
that of a Bulk of Water as big as itfelf. Thus the immerfed Part of a 
Water-Globe bears fuch Proportion to the Whole of it, as the Weight of 
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the entire Water-Globe does to a Bulk of Water equal to itfclf in Ma;;;’:!- 
tude, and fo on by an inverfc Katio. Thus a Bulk of Water equal in 
Magnitude to the immerfed Part of the Globe is always equal in Weight 
to the Whole of it. As for Example j be there a Water-Globe whofe 
Weight is 3 Ih, and let J of it be immerfed in Water, and \ rife above 
the higheft Surface. I fay> that in this Cale the Weight of tlie whole 
Water-Globe is exceeded by that of a Bulk of Water equal to it in Mag- 
tude in the fame Proportion as the immerfed Parts of it arc by the 
WTiole, namely by J j and thus a Bulk' of Water equal to the Water- 
Globe muft weigh 4 lb. And by inverting the Propofition, if the 
Weight of a Bulk of Water be well known^ and if a J 5 ^^//be immerfed 
in it to 7 of its Height, it will be evident that fuch a Ball or Globe will 
be 4 lighter than fuch a Bulk of Water. That is, that a Body of Wa- 
ter containing 3 of the 4 Parts of the Bally will weigh as much as the 
whole Ball. Now if thefe 3 Parts of Water equal to the 3 Parts of 
the Water-Globe are called 3 15 , we may fafely conclude that the whole 
Water-Globe weighs 3 15 likewife. But we commonly contrive them in 
fuch a manner as not only to fwim upon the Surface of the W'ater, but 
likewife to be juft even with the very Top of it, and fometimes to be 
quite immerfed in it; that they may, by means of the Fire ifluing from 
them, throw up the Water ; and tliat the more the former is refifted by 
the latter, the more it may be enabled to oppofe it, which is the great 
Point, and tlic only thing you are to endeavour at. 

If now your Water-Globes are fpecifically lighter than Water, they 
will not be totally immerfed in it, but will afeend above the higheft Sur- 
face in a certain Proportion ; and as faft as the Fire confumes the Compo- 
JStiotts in them, they will become Hill lighter, and muft ncceffarily rife 
higher and higher till ail is wafted. For this Reafon it is neceflary that 
your Water-Globe be of the fame fpccific Gravity with Water, to the 
end that the Vertex of it may be exadly level with the Surface of the 
Water : Or it may be a little heavier if you will, that it may be totally 
immerfed ; which will be beft for the Reafon above given (namely) he- 
caufe the fucceftive Confumption of the Gompojition muft naturally take 
away from the Firft Weight of the Water-Globe, 

Now that you may know the fpecific Gravity of a Water-Globe with 
regard to Water, and confcquently that Part or Portion of it, that would 
afeend above the higheft Surface of the Water : And likewife that you 
may know, what Weight of Lead ought to be added to a Water-Globe^ 
to make it Mquiponderant with Water, or a little heavier : As alfo how 
to find the fpecific Gravity of Water with regard to your Water-Ghbe^ 
without meafiiring or weighing cither ^t.Water or Globe by any ordinary 
Mechanical Contrivance j and that you may be perfedUy well vcrfcd in 
whatever relates to this matter j I (hall illuilrate the Whole in the plain- 
ed Manner, by a Calculation of thq Firft $ort oiWater-Gkbes we dc- 
feribed above. 



We 
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We fliall then fuppofe the Axis or Diameter of the faid Globe to be 
divided into 9 equal Parts, each of which we will take to be an Uncid 
of the Rhynland Foot j from whence we may eafily come at its Solidity, 
and the Weight of a Wooden Globe made in that Form. 

Let us range the Analogy as follows, (viz,) as 21 is to 1 1, fo is the 
Cube of the Diameter of a Globe of g Unciee (which is 729) to the So- 
lidity of the Globe in Cubic Unciee or Inches j according to the Demon- 
ftrations of Cbrijlopher Clavius, Geomet, Prat, Lib, V. Fol. 253. From 
this Operation you will have about 381 Cubic Unciee^ which would be 
the Contents of this Globe if it was Solid and Full j but as it is Hol- 
low and Empty, and the Diameter of its Cavity is 7 Uncia^ we muft 
find out the Contents of that Cavity in the fame manner as if we fup- 
pofed it to be Solid. Say then as 2 1 is to 1 1, fo is the Cube of the Dia- 
meter of 7 Unciee to the Capacity of the above-mentioned Cavity. Now 
the Cube of this Diameter being 343, the Capacity will be found to be 
179 Cubic JJncia^ or thereabouts. This Capacity of the Hollow of the 
Palli which is 179 Unciee ^ being fiibftradled from 381 the whole Con- 
tents of the Globe (which we at firft fuppofed to be Solid) you will have 
a Remainder of 202 Cubic Unciee y which are the Contents of the whole 
Shell of this GlobCj whofe Thicknefs throughout is one Uncia, To 
this muft be added the Solidity of the Hemifphere upon the Tompion 
which ftops up the Orifice of the Globe ; which you may find out after 
this Manner. 

Double the Plane of the Bafe of the Hemifphere, which /ball be 

3 Unciee and i fquare, or 42 Lines, and being doubled, you will have 
7 Unciee fquare or 84 Lines for the Convex Superficies. In ftiort, mul- 
tiply this by tf of the Diameter of the Bafe of the Hemifphere, and your 
Produft will be 336 Lines for its Solidity, which are j of an Inch and 
48 Cubic Lines, which being added to the former Number will confti- 
tute a Body whofe Solidity in Cubic Inches will be 202 Unciee or Inches 
and T and 48 Lines, or if you would have the whole reduced to Cubical 
Lines you will have 349392 of them. 

You may again come at the Weight of this Body after this Manner. 
In the firft Place fuppofe it to be made of Iron. Now according to the 
Rule laid down in Book I. Chap. VI. an Iron Ball whofe Diameter is 

4 Unciee ought to weigh 8 IB; therefore as the Cube of the Diameter of 
a Ball of 8 tb is to its Weight, fo is the Cube of the Diameter of a Wa- 
ter-Globe to its own Weight if it was made of Iron. The Operation 
being over you will have 49 IB, or thereabouts, for the Weight of the 
Shell if made of Iron : But as it is made of Wood, you muft take the 
proportional Numbers of Iron and Wood from the I“able Book I. Chap. 
IX, and fay as 42 : 3 fo is the Weight of Iron laft found to the real 
Weight of the Wooden Shell or hollow Globe \ from whence you will 
have 3 lb, 8 Ounces^ or thereabouts* 



Let 
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Let the Compojition which fills the Cavity of the Globe be here fup- 
pofed to weigh 8 ll'i i o Ounces^ 2 Deniers and 7 Grains ; and let the 
Weight of the Iron Petard or Cracker be called 4 Ounces^ and let the 
Powder in it be one Ounce, Now add the Weight of the Wooden Shelly 
to that of the Compojition and Cr acker ^ and you will have in all 10 Ih, 

II Ounc, 7 Dr, 2 Den. and 12 Gr. 

According to this fame Method^ you may find out the Weight of a 
Bulk of Water etjual in bignefs to your Water-Globe. We have faid in 
Chap. XII. of Book I, from the Teflimony of the Ancients^ that a 
Vcfi'el of a Roman Cubic Foot being filled with Water would weigh 
80 Ib Menfural, and but 66 Ib 8 Ounces Ponderal. Farthermore, we 
have from the Obfervations of Dogen agreed* that the ancient Roman 
Foot was equal to what we call the Rhynland Foot \ and therefore a Cu- 
bic Rhynland Foot of Water ought to contain as much in our Days as it 
did formerly : But as I have experienced that a Cubic Body of Water 
cacii of whofe Sides is 6 Unci a or half of the Rhynland Pool (the Water 
•being taken out of the Rhine near Leyden in Holland) weighs about 

8 lb 2 Ounces Ponderal of ours, each Pound 16 Ounces : It muft follow* 
that as a Cubic Body whofe Dimenfion is a Foot contains 8 of the 
aforementioned, it mufl weigh 65 lb of ours. And becaufe on the othef 
hand a Cubical Foot containing 1728 Cubic Inches w'eighs alfb 6 ^ tb; 

381 Cubic Uncice or Inches, which are contained in a Bulk of Water 
equal to the Water-Globe we are now treating of, muft weigh 14 tb, 

5 Ounc. 2 Dr. i Den. and 8 Gr. as may be eafily feen by any one who 
will give himfelf the trouble of proving it. 

Well ; let us now compare thefe two Weights to one another (name- 
ly) that of the Water-Globe filled with a proper Compojition^ which is 
10 15 , I r Ounc. 7 Dr. 2 Den. and 12 Gr. and that of a Bulk of Water 
equal in Magnitude to the aforefaid Water-Globe j which we have found 
to be 14 15 , 5 Ounc. 2 Dr. i Den. and 8 Grains j and by fubflradling the 
Lc 0 cr of thefe from the Greater, we fhall have a Remainder of 3 15 , 

9 Oun. 2 Dr. i Den, and 20 Gr. Now as this is exadlly the ? Part of 
die aforefaid Bulk of Watery we muft conclude that the Water-Globe is 
i lighter than the Watery and confequently, that the i of the Water ^ 
of equal Magnitude with ^ of the Water-Globe will be as Heavy as the 
Whole of it. 

Therefore if we would prepare a Water-Globe^ fo as to have it 
totally immerfed in Water without linking to the Bottom j and that the 
Vertex of the Globe fhould be exactly upon a Level with the Surface of 
the Water 'y we muft add a Counterpoife (as we have called it) whofe 
Weight is equal to the difference of the two Weights above-mentioned 
{yiz.) the i Part of the Weight of the Bulk of Water, which is 3 15 , 

9 Ounc. 2 Dr. t Den. and 20 Grains i that is, you muft tic a piece of 
L,cad to it of that Weight, or elfe make a Cavity round the lower Tom- 
pion, and pour as much melted Lead into it as will lupply that Dif- 
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ference. In fliort, it would not be amifs if you added a Weight fome- 
what fuperior to the above-mentioned Difference, for feveral Reafons 
which I have already given, and which it were needlefs to repeat 
here. 

Now in order to find out that Point upon the Axis of a Waters 
Globcy together with a certain Circle deferibed round it upon the Con- 
vexity of the faid Ghb^^ through which if an Horizontal Plane pals, 
it would cut off a Fourth of the Water^Ghhe \ or to fhew how deep 
it would be immerfed in Water if it was a Fourth lighter than Water j 
I fay in order to find out this, you may proceed as follows. 

Since according to I^uc. Valerius^ who fpeaking of the Center of 
Gravity of Solids faith, II. Prc^. 33. Hemijpberii Centrum gra’uita- 
tis Jit punElum Hindi in quo Ji Axis dividitur ut pars qua ad verticem Jit ad 
reliquum ut ^ ad 3. T’bat tbe Center of Gravity of an Hemijpbere is in 
that Point of the Axis through •which if it moas bifeSiedi the upper SeBion 
of it •would be to tbe lower as 5 is to 3. Therefore you may divide the 
^mi-Diameter of a Glohey or the Axis of an Hemifphere, into 8 equal 
Parts j and as each of them is compofed of 6 4 Lines, ^ of the Axis of 
the Hemifphere, or 33 ^ Lines, or 2 Inches, 9 Lines and \ meafurcd 
upon the Axis from the Vertex of the Hemifphere towards the Bafe will 
give you its Center of Gravity j through which if a Plane be produced 
parallel to the Horizon, it will divide the Hemifphere into 2 Mquipon- 
derant Parts j for it is properly called. Centrum gravitafis uniufcujufque 
corporis j or the Center of Gravity of any Body whatjoeveri according to 
the Definition of Guid. XJbalduSi and other Mechanics. PunBum intra 
extrave poftum circa quod undique Partes aqualium momentorum confjiunt-, 
it a ut fi per tale Centrum^ ducatur planum figuram quomodocunque JecanSy 
femper in partes aquiponderantes ipfam dividat, T‘his Peinti •whether it be 
placed •within or without y is TChat round which all the Parts of a Body are 
at rejiy and fituated in fucb a manner y that if a Plane be produced through 
that Center bifeBing the Body in any direBion •wbatfoevery it will be al- 
ways divided into aequiponderant Parts. Therefore the upper Sedlion of 
the Hemifphere is i of the whole Water-Globe. And if from the Point 
laft found on the Axis of any Hemifphere, you upon any Plane deferibe 
as from a Center a Circle whofe Radius is equal to the upper Sedlion of 
the Axis j and take the Circumference of fuch a Circle with a piece of 
Thread, and tying the two Ends of it together, you apply it to the 
Convexity of the OlobCy it will fweep over that Portion of it as would 
be imme^ed in Water, provided that fuch Globe be 1 lighter than a Bulk 
of Water equal to it in bignefs. 

To tcU you now how to find out the Aliquot Parts of an Integer, 
with regard to other Bodies of Infinite Variety as to Figure, befides 
fuch as are regular or approach nearly to a Regularity, or to teach how 
to fepatate them from the reft of the Body j is neither my Intention, 
not my Bufinefs in this Place* The curious Pyrobolijiy who would give 

himfclf 
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himfelf the trouble of learning it, may have recoiirfe to Villalpandus^ 

T* im. III. Par. II. or Kepler's New Stereometry^ and the Works of many 
other Geometricians and Mechanics ^ who have written largely upon that 
Subjedt. 

In Ihort, the fpecific Gravity of Water, and the Weight of Bodies 
immcrfed in it, may vary infinitely ; and therefore we mu ft retradl what 
we faid of Water in Book I. Chap. XII. The firft thing you are to feek 
after in all Cafes of this kind, is the Specific Gravity of the Water, 
without a Knowledge of which you may be liable to err. All that I 
have here faid to you is but by way of Example, and to mark out a Path 
which will infallibly condudt you into the High Road, which leads to fo 
many wonderful Operations. 

But before I lay down my Pen, I muft add to all this, a Method for 
•f* weighing all forts of Bodies regular or irregular (for which it is chief- 
ly defigned) in Water ; which will be as agreeable to our Pyrotecbnician 
as it will be ufefiil and neceflary to him. I have taken it from Merfen- 
nuSy and prefent it to you in his own Words, as you may find them in 
his Phenom. Hydr. Prop. 46. 

What Archimedes means by Magnitude, is Body, tho' it be empty 
Space that is merely a Vacuum, and containing no corporeal Subjlance : 
Whatever has Extenfion, may be ranked under that Denomination ^ even 
by ihofe who believe Space^ ^or who think there is a Medium) dejlitute 
^Rcfiftance. If now you Juppofe fucb a void Space to defend in Water^ 
the Water would rife as much as if a Solid Body of the fame Bulk had funk 
down into it : As for "Example^ a Vejfel being filed with Air only, and 
prefed down into the Water, has the fame Effe 6 f as if it had been filled 
with Water, or any other Liquid j fo that if you fuppofe a Cubical Space 
which is perfeSHy defiitute of Weight, to be forcibly immerfed and kept un- 
der Water, it would have the fame Effedi with reJpeSf to the Water as a 
Cube of Lead equal to it in Extenfion, allowing the Force requifite to keep 
it under is equal to the Gravity of the Lead. 

But let us now proceed to confider Solid Magnitude or fucb as is Hard. 

Let there be for Example a Body lighter than Water, whofe J Gravity 
may be eafily found by a previous Knowledge of the Gravity of the Water, 
or any other Liquid it may be immerfed into, as alfo the immerjed, or 
tmerfed Parts of if. Let then the Part immerfed be to the Whole of it as 
I to \ 2 , and the Gravity of the Water will be to that of the Body as 12 
to I : And if the immerfed Part of the Body is but Subquadruple or Sub- 
duple of the whole, a Body of Water of the fame Bulk with the whole Body 
would be 4 times or twice its Weight. 



He, by this, properly means a Method of finding out the Specific Gravity ©f any thing with 
icrpcft to Water, and fo on inverfely, 

^ He here aQ along means Specific Gravity. 



Tou 




Of the Great Art of Artillery. Book IV. 

You may by another way determine the Gravity of Bodies lighter than 
Water j (namely) by fuper adding a Subjiance that is heavier than Water, 
fuch as Lead whofe Weight is known, and which by its Gravity im- 
merges light Ybhigs j for it will be eafy to conclude, that a Bulk of Water 
equal to them both, will be exadlly the Difference of the Weight of thofe Bo- 
dies in Air and in W ater } by the Weight of which you may readily come at 
the Gravity of the Body lighter than Water, by this Method of reafoning-, 
(namely) Yhat the Weight of a Body of Water equal in Bulk to the Lead 
being taken from the whole Mafs of the W uter which is equal to both the 
Lead and the other Subjiance, there will remain a Weight of Water equal 
in Bulk to the Ugbtef Body, 

For Example', Let there be given a Wooden Stick or Cylinder whofe 
Weight in the Air is 1 2 Ounces, and be there fuperadded to it 1 1 Oun- 
ces of Lead, and throw them into Water. I Jay, that as this Lead 
weighs but 10 Ounces in the Water, a Body of Water equal to it in 
Bulk would weigh one Ounce exadily. Now let us fuppofe the Weight of 
the one and the other immerfed Body to be ib Ources whilji in the Water, 
the Aggregate of whofe W eight in the Air was 23 Ounces : Ybe Difference 
between 16 and 23 being y, it will give you to underfiand that a Mafs of 
Water equal in Bulk to the Wooden Cylinder and Leaden Weight would 
weigh y Ounces -, from which if you fubduSt a Body of W ater equal in 
Bulk to the Lead only, there will remain 6 Ounces for a Bulk of Water 
equal to the Wooden Stick or Cylinder. Ybe fame thing will happen, if 
you immerge feveral Bodies together that are lighter than a Liquid, by means 
of a Superaddition of Lead, or any thing elfe that is heavier than fuch a 
Liquid. 

But care muji be taken that the Body immerged doth not contraB, or im- 
bibe any of the Liquid in its Pores, by which means it would he heavier than 
it was when weighed in Air: Yhd this Accident may be eafly prevented by 
coating the Body well over with W ax. Pitch, or any thing of that Nature-, 
for by JubJiraBing a quantity of W ater equal to the W ax, &c. the Re- 
mainder will infallibly give you the Gravity of the Porous Body. But you 
muji frjl weigh the ^antity of Wax or Pitch ufed in coating the Porous 
Body, whether it be of Wood, Stone, &c. and farthermore know the Specific 
Gravity of the Wax or Pitch with regard to W ater. 

As for Example -, fuppofe the Wax ufed in coating the Body weighs 22 
Ounces in the Air, a Bulk of Water equal to it will infallibly weigh 21 
Ounces -, therefore muji you fubduB a Bulk of W ater of 21 Ounces, if you 
would by the Weight of the Remainder of the Bulk equal to the Body, know 
the Specific Gravity of the Body itfelf, as we have already faid. 

If you would know any thing farther relating to this Matter, con- 
fult the fame Author in the fame Treatife, Prop. 43, 44, 45, 47, and 
others, which will fatisfy you upon this Head. If thefe Ihould not be 
fufficient, you may have recourfe to Galileus, who fpeaks clearly on 
this Subjeft; and befides them, you have a little Italian Book publilhed 

by 
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by Nicolas Tartagliay imitled, Ragionamenti de Nicolao Tartaglia : So- 
pra la fua travagliata Irwentione. With another intitled, Regola ge- 
nerale da fulevar i mifurar non folamente ogni offetidata nave : ma una 
iorrefolidoy di met alio trovata da Nicolao Tartaglia. 



CHAP. II. 

Of Recreative Globes that leap and hound upon Horizontal 

Planes. 

SORT I. 

'JP AKE an hollow Wooden Glohcy perfedly Round, with its Orifice 
and Tompion, in the fame Proportion and Form as we dircdled 
for the firft Sort of Water-Glohes in the foregoing Chapter j and fill it 
Ivith an Aquatic Compojition. Then be there 4 Iron Petards or Crackers 
(or more if you will) made in the Form you fee in Fig. 93 under the Fig. 93. 
Letters A, B, C, D : Thefe you fhall fill with thfe beft Corn Powder 
you have, and flop them up with Wadds of Paper or Tow. Then bor- 
ing Holes in your Globe of a proper Size to receive your Petards, 
you Ihall fecure them with Nails to the Outfide of your Globe j which 
done, you will have the Whole prepared. If you fire this upon a fmooth 
even Spot, you will fee it leap, and bound, as often as the Petards in it 
go off. 



SORT II. 

Get a folid Wooden Ball made as Round as poflible, and coat it well Fig. 94. 
over with Wax. Then cut long Slips of Paper of the Breadth of 2 or 
3 Inches, and pafte them to the Convexity of your Globe, fo that it 
may be entirely covered with them, but not with one Layer only, but 
to the Thicknefs of one or two Lines: Or what will be more expeditious. 

Take of that Pulp or Pafte of which Paper is made, and diflblve it in 
Glue Water, and with it coat over the whole Globe, and dry it by a ve- 
ry flow moderate Fire ; and being perfectly dried, divide it into two 
Parts. In Ihort, fet it then before a Fire which is hot enough to melt 
the Wax, and you will have two hollow Paper Hemifpheres (as you 
may readily conceive) with which you fliall make a Leaping or Running 
Ball, after this Manner. Take three common Rockets filled and bored, 
as we dirc( 5 led for the Firft Sort of Sky-Rockets, excepting only the Re- 
prt which is not here neceflary. Thefe Rockets fliall be of fuch Length 
as not to eifceed the interior Diameter of the Hemifphere. Fix then 
thefe Rockets in either of the Hemifpheres, and difpofe of them fo as 

D d d that 
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that they may have their Heads and Choaks alternately even with each 
other : And thus they muft be ordered ; that when the Firft is quite 
fpent, the Second may immediately take Fire, and force the Hemif* 
phere back again j and fo on with the Third, when the Fire is commu- 
nicated to that. Care however muft be taken, that the Fire does not 
privately pafs from the Firft Rocket to the Second or Third, before it is 
quite confumed : This Danger you may eafily avoid, if you keep in 
Mind, what we have already faid of two Rockets joined together, 
when we treated of thofe that run upon Ropes. Now in order to 
fire this Globe you (hall make an Hole in your Paper Hemifphere 
over-againft the Choak of the Firft Rocket. In fliort, all the ne- 
ceflary Precautions being taken in fixing your Rockets^ you ftiall cover 
them with the other Hemifphere, which (hall be firmly joined to 
the Firft with ftrong Pafted Paper j you muft be careful In doing this, 
for fear left in turning, running, and winding about, they ihould be 
torn fi^m each others whereby your Labour and Expence might become 
matter of Laughter to the Spedlators, and yourfelf be put to Confufion 
inftead of meeting with Applaufc. In a Word •, fuppofing them to be 
well joined together, fet fire to the Priming which correfponds with 
the Firft Rocket, and leaving it freely upon an even Horizontal Plane, 
you will fee it run and fly about with fuch Swiftnefs, and with fo ex- 
traordinary a Motion, as will furprizc the Beholders. In the fame Sce^ 
mgraphical Figure, the Letters ABC (hew the Rockets, and how they 
muft be fixed in the Hemifphere, 

SORT III. 

This Globe is not very unlike the Firft Sort, excepting that to this you 
add a certain Number of Crackers, which are difpofed as you may fee 
Fig. pj*. in Fig. gg, where the Crackers arc diftinguilhed by the Letter A, and 
the Fent or Touch-hole by B. 




CHAP. 




Book IV. Of the Great Art of Artillery. 195' 



CHAP. III. 

(y Recreative Aerial Globes ^hkh are prtjeBed from a 
Mortar-Piece. 

you would make any of thefe Aerial Globes ^ which are 
^ ^ thrown up into the Air by Mortars^ you fhall firft of all take 
care to have the Calibre of the Mortar you intend to ufe : And having 
found it, you Ihall divide it into 1 2 Parts, one of which you ihall al- 
low for the Windage of the Globe, and tt lhall remain for the Diame- 
ter of the Globe you intend to make. You (hall then divide this Dia- 96- 
meter into 6 equal Parts j and the Height between A and C fhall be 
equal to the Diameter of the Globe j the Radius of the Semi-Circle C I 
fhall be I or half of the Height or Breadth of the Globe. The Thick- 
nefs of the Wood H I fhall be fi of the above Diameter j but the 
Thicknefs of the Cover A K fhall be i of the Diameter of the Globe. 

The Diameter of the Cavity G H of this Globe fhall be i of its whole 
Diameter. The Height of the Priming-Chamber B F fhall be t and ^ of 
the Diameter ; but its Breadth i only j that is, its Height fhall be i t of 
its Breadth. As for the Diameter of the Touch-Hole, it will be fiiffi- 
cient if it is ? or T of that of the Chamber. 

This is all I can fay of the Proportions of this Sort of Balls, as to their 
Wooden Confbrudtion : But as for the Manner of filling them, the fol- 
lowing DiredUons will fully inftrudt you. The Figure of this Globe, 
and thofc which follow it, may be plainly underfiood by Fig. 96. 

Obferve here, that the Proportions of thefe Globes are only to be un- 
derflood of thofe which are projefted from great Mortars (namely) fuch 
as can carry a Stone Ball of 30, 40, 60, or 100 lb, or more if you 
can get any fuch : But for the Leffer, which carry but 6, 10, 15, or 
20 lb of Stone, thefe Globes may be made of Paft^ Paper, and rowled 
in fafhion of a Cylinder, excepting only the Bottom which fhall be of 
Wood, as well as their Priming-Chambers and Vent-holes. 

SORT I. 

Take hollow Canes or common Reeds, and cut them into Lengths to 
fit the Cavity of the Globe, and fill them with a flow Compofltion made 
3 Parts of Meal Powder, 2 of Coal, and one of Sulphur, moiftened with a 
little Oil of Petrol ; excepting the lower Ends of them which reft upon 
the Bottom of the Globe, which fhall have Meal Powder only, moiflened 
in like manner with Oil of Petrol, or fprinkled over with Brandy, and 

then 




196 Of the Great Art of Artillery. Book IV. 

then dried, to make them take Fire the better. You (hall moreover 
cover the Bottom of the Globe with Meal Powder mix’d with an equal 
quantity of that in Corns. Thefe Reeds being filled after this manner, 
you fliall fet as many of them upright in the Cavity of the Globe as it 
is capable of containing. Then Cover it well at Top, and wrap it well 
round, with a Cloth dipped in Glue, or any tenacious Subllancc. The 
Priming fhall be of the fame Compojition with the Reeds, or one of the 
two following. The Firft j made of 8 Parts of Powder^ 4 of Saltpeter^ 
2 of Sulphur^ and one of Coal. The Second ; 4 Farts of Powder^ and 
2 of Coal. Meal, mix, and incorporate thefe Ingredients together as 
well as poflible. To conclude, you (hall ftick round the Orifice or up- 
on it (with a little Pyrotechnic Glue, which we Ihall fpeak of in the 
following Book) fome ^ick-Matcb (which muft be prepared as we 
direfted in Book II. Chap. XXIX.) with fome unt willed Tow of the 
Fig. 96. fame fort. Fig. 96 fhews you the whole of thisj for the Letter L 
points out the Reeds contained in the Globe. The refl needs no Ex- 
planation. 

SORTS II and III. 

Fig. Thefe two Sorts of Recreative Globes^ which you foe reprefonted under 
and 98. Figures 97 and 98, are perfedlly contrived like the Firft Sort, with on- 
ly this Difference between them, that the Firft of thefe is filled with 
Running Rockets i and the Laft with Paper Crackers and Btars^ and Py- 
roteebyde Sparks interfperfed with Meal Po/wder, which arc put promif- 
cuoufly over the Crackers. It is nccdlefs then to dwell any longer upon 
thefe, fince you may gather whatever relates to them, from what I have 
faid above, as alfo from the Reprefentations of themj which are fo 
plain, that it is impoffible for any Body to be miftaken that docs but con- 
fider them a little. 



SORT IV. 

This Globcy which we rank in the Fourth Place, and which we have 
Fig. 99. reprefonted in Fig. 99, is not fo difficult in its Conftrudlion, but that it 
may be eafily comprehended by the Figure itfclf. Firft of all, the Great 
Globe which contains a Lefler in it, is the very fame with thofe above- 
deferibed; for it is charged with Running Rockets as well as that of the 
Second Sort : But however with this Difference, that this is lined but 
with a finglc Range of Rockets^ as may be feen in the Letter A j whereas 
the Cavity of the other is quite filled up with them. In the midft of 
thefe Rockets^ you fix a Globe in a Cylindrical Form with a flat Bottom 
as B, and a Chamber and Touch-hole at D. The Capacity of this In- 
ner Globe is filled with Irm Crackers as C, and covered with a flat Co- 
vering as E, You fliall fill the Priming-Chamhers with the fame Com- 
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pojition as wc have ordered for the above Globes, As for the Fuzes they 
(hall be of good Meal Founder. 

SORT V. 

As for the Conftrudtion of this Fifth Sort of Recreative Globes \ it dif-Fig. 100. 
fers in nothing from the Fourth above deferibed, except that it is larger 
and more capacious, and contains two others one within another. The 
Biggeft of all is diftinguilhed by the Letter A, which is charged with 
Tubes D j (the Conftrudtion of which we have fo often given) whofe 
Orifices are all turned downwards, upon the Bottom of the Globe^ which 
is fpread over with Corn and Meal Powder mixed together. The Second 
and Middlemoft, diftinguifhed by B, is in like manner charged with one 
Row or Round of Running Rockets E. In fhort, the Third and Smal- 
left BallQ is charged with other fmaller Rockets as may be feen in F j in 
the Middle of which is a Light Ball G. As for any thing farther re- 
lating to it, you are to proceed in the fame Manner as was ordered with 
regard to the aforementioned Sorts ; fee the Reprefentation of this Fig. 

200, which will illuftratc it, if our Explanation is any way defeftive. 

SORT VI. 

Firft get a Wooden Globe y in the Middle of which let there be made a 
Mortar y with a little Chamber for Powder j round which fhall be formed 
a Berm or Ledge^ for the conveniently ranging of certain Paper Tubes 
or Cafes : In this Berm you mull: hollow out a little Groove or Channel, 
which mufi: be filled with Meal Powder^ for conveying the Fire all 
round. This done, you fliall put a Recreative Globe into Mortar, filled 
with Running Rockets, Paper or Iron Crackers, Reeds, or in fliort, with 
Stars and Sparks which we have fo amply deferibed clfewhere. Upon 
the abovefaid Channel then, you Ihall place your Cafes or Paper Tubes, 
exadtly after the Manner we ordered in the foregoing Chapter for the 
Sixth Sort of Water-Globes, which Ihall be filled with Running Rockets, 
and covered round with ftrong parted Paper or Glued Cloth. Cart your 
Eye upon Fig. 10 1, where the Letter A points out the Wooden Globe loi 
without any Addition to it. The Letter A alfb fliews its Mortar. E the 
Hollow in the Berm. D the Touch-hole. C the Priming-Chamber, 
and B is the Chamber of the Mortar. But in the other Figure dirtin- 
guirtied by B, the Letter F fliews you the Order in which your Paper 
Cafes ought to be placed upon the hollowed Berm or Ledge. The reft 
may be readily comprehended by whofoever rightly confiders this Fig. 

lOI. 
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SORT VII. 

You {hall order a Wooden Globe to be made whofe Height is double 
Fig. loz-of its Breadth) fuch as you fee in Fig. 102, where its Height from A 
to B, is double of its Breadth from C to D. So much for its outward 
Form. Hollow out one half of it (I mean the upper Part) after the 
6me Manner as has been done with regard to the preceding Recreative 
Globes j which Cavity (hall be filled with Running Rockets or Crackers^ 
or Ibmc other of thofe Things we have mentioned above. Then clap 
a Cover over it. The Lower Part of this Globe fhall have a Priming- 
Chamber at E, whofe Height and Breadth fliall be i of the Diameter 
of the whole Globe', and the Touch-hole {hall be J or i of k. This 
dt^e» you lhall pierce all the Lower Part of the Globe with Cavities 
which (hall not be fo deep as to interfere with the Touch-hole in the 
Middle) but between the Inner Extremities of them and that, there 
fhall be the Thicknefs of half an Inch of Solid Wood : Which how- 
ever {hall be afterwards bored with a red-hot Iron, lb as to have a Com- 
munication with the ToUch-hole, You may fee how this is to be done 
by the Letters G and F. Thefc Cavities lhall be of fulHcient Capacity 
to receive Iron Crackers or Running Rockets. Now to repeat to you, 
how they ought to be fixed j what ought to be obferved to make them 
depart after they are lighted j or what muft be done or not done to pro- 
cure the deiired Efieft ftom them; this is what I have fo often touched 
upon, that a i^rther Repetition might be troublelbme. Let us then pro- 
ceed to the following Sort. 



SORT vin. 

The Strudhirc of this Globe is not fo confiderable on the fcore of its 
Contrivance, as it is admired by the Spedtators for its fine and a^eeable 
Effeds in the Air j and I may fafely lay, there are but few FyrthoHfis 
who can reprefent in the Air, in a dark cloudy Night, Letters or Cy- 
phers in Fire, or whole Names, or even feveral Sentences all in Flatne. 
Here then in the Conftruftion of this Globe (which I myfelf invented, 
and have often put in PraSice) I intend to Ihew you one of this Na- 
ture, which will have fiich ElFedls as cannot but be admired : In the 
ordering of Which you muft proceed as follows. In the firft Place get 
a Wooden Globe of the fame Form, and of the fame Height, Breadth 
and Thicknefs, with that of the Firft of this Sort of Globes, or of the 
iubfequent of them, no matter which. Now the Priming-Chamber A, 
Fig. 103. in Fig. 103, lhall have its Breadth and Height of i of the Diameter of 
the whole Globe. Befides this Chamber you fhall have another to re- 
ceive Corn Powder, whole Height C D lhall be equal to hs Breadth 
D E, which lhall be allb i of the Diameter of the whole Globe •, but the 
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Fuze or Vent-hole B fliall have its Breadth one fourth of the Powder- 
Chamber, or Priming-Chamber above mentioned. You fhall have alfb 
another Globe in a Cylindrical Form, the Bottom of which (hall be 
rounded on the Outfide, as may be obferved in the iiune Figure by the 
Letter F, The Cover of it, G, ihall be let a little into the Inner Sur- 
face of the Cover of the Great Globey in order to keep It firm ; and this 
Lefler Globe fhall be placed perpendicularly over the Chamber which is 
filled with Corn Ftmder. You fhall then fill the Cavity of this little 
Globe with Running Rockets, Stars and Sparks, as may be feen by the 
Frojil, To the rounded Bottom of this Globe, fhall be tightly fitted a 
Wooden Ring (the Projil of which you have in H j) the Subfiance of 
which fhall be bored through with Holes, as you may fee in I ; or if you 
will, it may be fluted all round, as may be feen in K; or finally, you fhall 
plant final! Iron Nails all round the Bottom of xhc Globe, in fuch man^ 
ner that their Heads may be all even, and form a perfe<5t Circle, whofe 
Diameter exadlly correfponds with the Inner Diameter of the Globe, 
and its Circumference with the Circumference of the fame. See it re> 
prefented in Fig, L. After having prepared your Globe after this man- 
ner, take two long thin Slips of A^alebone ( which the Germans call 
Waljifchbein) which naturally permitting itfelf to be bent without any 
danger of breaking, and inclining to a voluntary Recurvature, it is vay 
proper for the Ufe we fhall here apply it to. You fhall then take two 
Slips of it, which though rowled up in a Spiral Diredlion, have Strength 
and Spring enough to recover their firft Re^tude, upon their being rc- 
leafed fiiom their Conftraint. Having two futdi pieces of Whalebone 
join them together, difpofing of them fb that their Convexities may be 
Invrard, and their Concavities Outward, as may be plainly feen by M. 
Of thefe two curved Slips, you fhall make one ftrait Piece as N by tying 
them down at die Ends and in the Middle : Thefe Slips thus joined to- 
gether, though bent and rowled up after any manner whatfoever, will 
by their own natural Spring and Energy recover their Re^tude, when 
l^t at liberty. 

Take two Pieces thus prepared, and lay them Parallel to each other 
(confider here the Figure O compofed of tht^e Artificial Chara€lers 
which exprefs Vive le Roy) and to the Extremities of them tie 
two fhortcr Pieces at right Angles with them; fb as to conftitute 
the right-angled Parallelogram P T S Thefe four Pieces being 
thus bound together, you fhall form the Letters or Cyphers within 
them, which fhall be made of Lattin or Iron Wyre, or (what will be 
much better) of pieces of Whalebone j but your Letters, tnuft be 
of fuch Size as not to exceed the Height of the Cavity tt R, and if 
they arc fbmewhat fhorter it will be fo much the better, as we have or- 
dered it in our Example. Again ; your Letters fhall be at the Diftance 
of a Palm from each other, or a Foot at moft : In a Word, their Di- 
ftances fhall be according to the Capacity of the Globe you iatend to 
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put them into. Your Letters being thus fixed in your Frame (or Paral- 
lelogram) take loofe Pyrotechnic or Quick Tow (prepared as we direilcd 
in Chap XXIX. of Book II.) and wrap them neatly round with it from 
one end to the other ; then fteep them in Brandy, in which you fhall 
have previoufly diflblved a little Gum Arabic or Gum Draganty and as 
you dry them fait them over with Meal Powder. You muft however 
take care that the pieces of Whalebone which form your Frame, are no 
ways incommoded or intangled by your Tow j for fear when your Let- 
ters burn out, their Flame fhould be confounded in one another, and 
become indiftindt in the Air. If now you would have your Letters de- 
feend perpendicular to the Horizon, you {hall fallen two fmall Weights 
to your Frame at S and Q only ; but if you would have your Frame 
fall down parallel to the Plane of the Horizon, there fhall be two other 
Weights at P and T ; that is, there (hall be a Weight at each Angle of 
your Parallelogram or Frame. Finally, the Whole being thus ordered, 
bend it round to go into the Inner Circumference of your great Globe j 
and let it reft perpendicularly upon H in the aforefaid Globe, and then 
fill up the empty Spaces between the Letters with Meal Powder. This 
done, cover it up, and I aflure you nothing can be more delightful to 
the Sight, and that you will receive an unfpeakable Pleafure from the 
Effedls of this Globe j provided that in the Conftrudtion of it you ob- 
ferve every thing that is here directed. 

You may by a Contrivance of this Kind not only reprefent Letters 
and Cyphers in Fire j but alfo the Arms of Princes and great Lords, to- 
gether with Human Figures, and Animals, which will move to and fro 
in the Air, to the great Satisfadlion of the Beholders. But you muft 
know, that to fuccecd in fuch fine and difficult Attempts, it requires a 
Perfon to be poflefled of a pretty good {hare of Senle, and found Judg- 
ment, joined to a perfcdl Knowledge in Pyrotechnics, and a fine Tafte 
of every thing relating to it : And where thefe Q^lifications are want- 
ing, I would advife no Body to engage themfclves in fuch a Work ; for 
neither Mfculapius nor all his Succeflbrs of the Faculty, can find one 
Remedy throughout the whole Extent of their Science to repair the leaft 
Mifhap that might befal you in this Cafe. 



COROLLARY I. 

Of Shiniog or Light-Balls, fuch as are commonly ufed at 
Bonfires^ which the Germans call Lichckugel. 

•'^HERE are two Sorts of TJgbt •Palls (namely) the Recreative and 
*** Serious I of the Laft of which we {hall fpeak in its proper Place; 
and {hall now only curforily touch upon the Recreative Sort, 
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Take of Crude Antimony 2 lb, of Saltpeter 4 Ibj of Sulphur 6 Ibi of 
Colopbone 4 It', and of Coal i\. lb. 

Or elfc ; take of Antimony Tb fs, of Saltpeter j Ibj of Sulphur lb fs, of 
Cohphone] lb, of Coal] lb, and of Black Pitch lb fs. 

You fliall put either of thefc Compojitiom (after having been well 
mealed) into a Brafs Boiler, Or into any glazed Earthen Pot, and melt 
them over a Fire. Then throw as much Hemp or Flax into them as 
may be fufficient to abforb them quite up : And whilft cooling, you 
jfhall make them up in Balls of fuch Sizes as you want. Then wrap- 
ping them well up, and coating them with Pyrotechnic or Qmck Tow j 
you may put them into Rockets or Recreative Globes^ yrh&thtr Aquatic or 
Aerial, 



COROLLARY II. 

Of Pyrotechnic Stars and Sparks, called by the Germans 
Stern- veuer and Venerputzen, 

<pTROT'ECHNIC Stdrs differ thus much from the Sparks^ that 
they are a great deal larger, and not fo foon confumed} but 
fubfift in the Air, and fhine out with a longer Duration, and with a 
Splendor which becaufe of its extreme Brightnefs, may in fome degree 
be compared With the real Stars which adorn the Firmament* They 
are to be prepared after the following Manner. 

Take of Saltpeter lb fs, of Sulphur ^ ij, of Powder of Tellonb Amber 
5 j, of Crude Antimony ^ j, of Meal Powder J iij. 

Or elfc J take of Sulphur | ij fs, of Saltpeter \ iiiiij, of Powder finely 
mealed ^ iiiij, of Olibanum or Frankincenje in Drops of Majiic^ of Chry^ 
ftal^ of Mercury Sublimate^ of each | iiij, of JVhite Amber J j, of Cam- 
pbire ^ j, and of Antimony and Orpiment of each ^ fs. 

All thefc Ingredients being well beaten and paffed through a Scarce, 
they fhall be fprinklcd over with a little Glue Water, or Water of Gum 
Arabic or Dragant : Then made into little Balls of the Bignefs of a 
Bean or fmall Nut ; and being dried by the Sun or Fire, they fhall be 
laid up in fome convenient Place, to be ufed in the Artificial Fireworks^ 
which we have here fo amply treated of. When you put them into 
Rockets or Recreative Globes they muft be wrapped up in Sluick Tow. 
Pyrobolifis fometimes inftcad of thefc Balls take certain Qu^titics of 
a melted Stuff (which we fhall fpeak of hereafter when we teach you 
the Preparation of Fire Rain) which they wrap up in ^ick Tow for 
feveral Ufes in Fireworks. 

But if thefc do not plcafc you becaufc of their blackifh Cafc, and if 
you would rather choofc to have them Ycllowifh or inclining to White ; 
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Take ^ iiijof Gum Ifraganty or (>tGum Arabic^ beaten, mealed and pafled 
through a Scarce ; of Camphire diilblved in Brandy 5 ij, of Saltpeter 
lb j fs, of Sulphur 1 b fs, of coarfe Powder of Glafs \ iiij, oi White Amber 
^ j fs, of Orpiment ^ ij : Incorporate all thefe Ingredients together, and 
make Balls of them as before. 1 learned this of Claud Midorge. 

The Method of making Sparks is as follows : Take of Saltpeter 5 j, 
of the fame melted | fs, of Meal Powder | fs, of Camphire 5 ij. Af- 
ter having mealed thefe Ingredients ( fuch as want it ) apart, put them 
all together in an Earthen Pot, and pour upon them Water of Gum 
Draganty or Brandy that has had Gum Dragant or Gum Arabic diflblved 
in it, that the Whole may have the Confiftencc of a pretty Den/e Li- 
quid. This done, take an Ounce of Lint, or the Down of Linnen, 
which has been previoufly boiled in Brandy, Vinegar, or Saltpeter, then 
dried and ipread out, and throwing it into this Compojition, mix and ftir 
it about, till it has abforbed it all. This done, rowl it up in Pills 
about as big as a great Pea, which you (hall fet to dry after having 
faked them with Meal Powder. Ufc thefe according to our Dire- 
dfions. 

Wc have, farthermore,^ a Way of preparing certain Odoriferous Pills, 
which are ufed in little Pyrotechnical Machines and Contrivances, which 
are fired in Rooms and Clofcts. Thele arc commonly compofed of Sto- 
rax Calamita, oi Benjamin, ol Gumfuniper, of each 5 ij; olOlibanum, 
of Mafic, of Frankincenfc, of White Amber, of Yellow Amber, and of 
Camphire^ each ^ j ; of Saltpeter | iij, of Lime-Tree Coal ^ iiij. Thefe 
Ingredients are to be well beaten, pulverized and incorporated together ; 
then moiftened with Rofe Water, in which has been previoufly diflblved 
feme Gum Arabic os Dragant, that the Whole may be made up in Pills, 
which mufl: be dried in the Sun or before a Fire. 



COROLLARY III. 

Of the mofi certain Method for Proje&ing Recreative Globes 
from a Mortar : Of the ^antity of Powder requifite for 
that Purpofe : And of the Chambers to receive it, 

OU muft confider that all thefe Recreative Globes are ufually thrown 
up into the Air in a Vertical Line, or againfl; the Perpendicular of 
the Horizon ; wherefore it is neceflary that you fhould have a thorough 
Knowledge of the due Quantity of Powder requifitc to diflodge your 
Globe, and to projedt it into the Air to any determinate Height you 
would have it. We may come at this by two Ways. The Firft is thus : 

Weigh 
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Weigh your Globe with a Balance or Steelyard, and for every Pound 
that it weighs allow ^ of an Ounce of Gun-powder. As for Example j if 
your Recreative Globe weighs 40 tt', you muft, to diflodgc it, allow 
40 — ^ of an Ounce, or 10 Ounces of Powder : And this will be full 
enough for the purpofc ; for thefe Globes being made of Wood only, 
they could not bear the violent Shock of a larger Quantity } add to 
which, that the Powder confined in Warlike Machines exerts itfelf more 
to throw up a Body in a Right Line, than to proje^ it in any Oblique 
Dircdlion j becaufe it is proportionably more opprefied by the fuperin- 
cumbent Weight, and has its Liberty thereby more reftrained. This I 
fliall endeavour to demonllratc more amply elfewhere. If you (hould 
be in a Place where no fuch thing as a Balance or Steelyard is to 
be got j take the Diameter of your Globe with a pair of common Com- 
pafles, or with a pair of the crooked Sort, and apply it to that Side of 
the Calibre Scale calculated for Stone Bullets, and divide the Number to 
which your Compailes extend into two Parts, and you will have the 
Number of Loths or half Ounces of Powder requifite to dillodge your 
Globe. 

Now fuppofe you do know the due Portion of Powder requifite to 
projed your Globe^ yet methinks this is not enough ; for you ought to 
know alfo, how and in what Form this Powder ought to be put into the 
Mortar. We have two Ways of coming at this. The Firll of which : 

Be there made a certain Body of foft yielding Wood, in the Form of a 
truncated Cone reverfed, (which the Germans call Sefz-Kamer) equal in 
Height and Breadth to the Chamber of the Mortar^ in which lhall be 
hollowed out a Chamber for receiving the Powder. This ihall be 
pierced with a fine Borer, or a red-hot Iron Needle from the bottom of 
the Wood to the Center of the bottom of the Chamber in k j but not 
in a perpendicular Diredion, but diagonally or ilaating as from c to d in 
Fig. A under 104. The place where this Touch-hole begins fliall be Fig. 104. 
marked, fo that when you fill the Chamber, it may be turned to cor- 
refpond with the Vent-hole of the Mortar. When ^erefore you would 
load your Mortar with a Recreative Globe, cover die Bottom of the 
Chamber with a little Meal and Corn Powder mixed together, and upon 
that put your Wooden Chamber, in whidi fliali be the Quantity of 
Powder requifite to projed your Globe. In Ihoit, your Globe fliall have its 
Orifice turned down upon the Powder, and fliall be wrapped round with 
Hemp or Flax, Hay or Straw, no matter what, fo that it be not any 
thing that will retard its Flight, and hinder its Projedioii. Confiik Fi- 
gure 104, which will give you a perfed Idea of dl this. 

Obferve here, that your Wooden Chamber ought to be of a Capacity 
fufficient to hold all the Requifite of Powder, and («i the contrary, it 
fliall not be fo big as not to be entirely filled by k. 

If by chance the Chamber of your Mortar k broader than needfial, 
or if its I-Ieight is not well proportioned to its Breadth j or in fliort, if 
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the Requifite of Powder is fo little as not to fill up the Chamber j (which 
may frequently happen, inafmuch as Recreative Globes are much lighter 
than Grenadds or Bombs^ &c. for which Mortars were chiefly defigned ; 
which have accordingly fpacious Chambers to receive the Requifite of 
Powder fteceflary to proje^ thofe heavy Bodies, and notwithftanding you 
may make according to our firft Method a Chamber that is juft fuffi- 
cient to contain the Requifite of Powder j yet as in fuch a Chamber the 
Powder is not clofely united, but is rather extended too much, it will 
not be fo vigorous, nor adt with fuch Force upon the fuperincumbent 
Weight, as if it was confined to fome Chamber whofe Cavity is propor- 
tioned to the Effedl required j for the Reafons herc-under given) and 
therefore it will be ncceflary to have fome Wooden Cylinder equal in 
Height and Breadth to the Chamber of the Mortar j in the Middle of 
which ftiall be bored a Cavity, whofe Height is equal to that of the 
Chamber of the Mortar to hold the Quantity of Powder ncceflary to 
throw up the Recreative Globe. Now this may be done as follows. 

Firft, by a Scale divided into equal Parts, meafure the Height of the 
Powder contained in the Chamber of the Mortar that is requifite to pro- 
joft your Globe j and then by the fame Scale meafure the whole Height 
and Breadth of the Chamber. Then find out a mean Proportional be- 
tween the Height of the Powder in the Chamber and the Height of the 
whole Chamber itfelf. This mean Proportional being found, you fliall 
look out for a Fourth Proportional j by faying. As the mean Proportio- 
nal found, is to the Height of the Powder in the Chamber, fo is the 
Breadth of the Chamber to a Fourth Number. Having performed 
this after the common Way you will have a Fourth Proportional, which 
will be the Diameter of the future Chamber, capable of containing 
your due Requifite of Powder^ which Diameter you Ihall meafure by 
the above Scale. This will be readily apprehended by the following 
Example. 

fij. 1C4. Let then the Chamber of your Mortar be a, d, in Fig. 104 under the 
Letter B, and let the Height of it be a c or b d j let the Height of the 
Powder in the Chamber be c e ; Thus d e will be the Cylinder that con- 
tains a Quantity of Powder requifite to projcdl your Recreative Globe. 
As this Powder is not fufficient to fill up the whole Chamber, there 
muft of neceflity be a vacant Space between it and the Globcy which 
refts upon the Orifice of the Chamber. Now fince, fo large a Vacan- 
cy may be a great Hindrance to the Ejaculation of the Globe^ and fince 
the Powder is but a very little Quantity when compared with the Ca- 
pacity of the Chamber i therefore muft this Cylinder or Chamber which 
now contains it, be transformed and altered, into another equally ca- 
pacious to it, and whofe Height fliall be at the fame time equal to the 
whole Height of the Chamber of the Mortar. This is to be done af- 
ter the following Manner. 
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Find out the Height of the Powder between e and c, which wc will 
here fuppofe to be 20 Parts or Divifions of your Scale j and the Height 
between c and a, or that of the whole Chamber, which we will fuppofe 
to be 45 of the aforementioned Parts ; the mean Proportional between 
thefc two Numbers (viz. 20 and 45) being about 30 ; fay, As 30, the 
Proportional Number immediately found, is to e c, the Height of the 
Powder in the Chamber which is 20 Parts of your Scale ; fo is c d or 
a the Breadth of the Chamber of the Mortar^ which is 24 of the 
fame Parts, to the Diameter or Breadth of the Chamber you would pre- 
pare. This performed, you will have 16, which will be the Diameter 
of the Orifice fought. Hollow out then of your folid Wooden Cylin- 
der 1 o, equal in Height to the Chamber of the Mortar a d, the Con- 
cave Cylinder g k, the Diameter of whofe Orifice g h is 1 6 of the fame 
Parts with the 45 which conftitute the Height of it 1 n, or g i : Thus 
will you have a Chamber of a Size requifite for your Purpofe. 

Obferve here, that in this Cafe, and in fuch a Chamber, it is not at all 
neceflary to prefs down the Powder^ and that it will be better to have 
the Interftices of it free and open, that the Air may be diffufed through- 
out it, and that the Fire may have free Paflage to inflame it all at once, 
and infliantaneoufly. 

If this kind of Chamber does not pleafe you, get a Wooden Former 
whole Diameter is equal to the Cavity of the laft mentioned Chamber, 
and either palle or rowl as much ftrong Paper upon it, as may give it 
fuch a Thicknefs and Length as exadly to fit the Chamber of the Mor- 
tar. You have the Figure of this in D. It is my Opinion, that there 
can be no better Reafon given, why Powder when confined in a long nar- 
row Chamber, Ihould have a more violent ElFedt, than when an equal 
Qi^tity of it is lodged in a broad lhallow one; than that the Powder 
is much more united in the Former than in the Latter, where it is 
more extended ; from whence it happens, that the Denfity of the Fire 
ifluing from the clofe confined Powder is more confiderable, the Exha- 
lations and Expanfion much more abundant ; the Union of the Parts of 
the Fire much more perfed: ; and confequently the Flalh mull be every 
way more powerful, as I faid above. 

In a Word ; I believe the true Reafon why the Ancients invented 
Chambers for their Mortars and Cannon.^ was becaufe thofe Engines were 
chiefly defigned for proje6ling Stone-Bullets : But as in thofe Times they 
vAiowitA. Mortars for throwing out certain Pyrotecbnical Globes (as is ftill 
pradifed, and to which we have lately added Bombs^ &c.) which re- 
quiring but a little Powder in Proportion, to what was neceflary to pro- 
jed thofe ponderous Bodies of Stone ; if their finall Requifite had been 
lodged in a fpacious Cavity it could have performed no notable Eflfed, 
for want of being colleded in a clofe B(^y : To remedy this Incon- 
veniency, the antient Pyrobolijis contrived Chambers in their Mortars 
which are as it were little Magazines for keeping the Powder clofe toge- 
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ther, that by the Proximity of its Corns, its expullive Force might be 
^erfedlly united, and adting impetuoufly upon the Projedtile, oblige it 
to depart as faft as its Weight will permit. I have however often ob- 
ferved, that the Chambers in old Mortars and Guns were much larger 
than ours, the Reafon of which was, becaufe their Powder was much 
weajcer than ours, which was owing to the fmall Quantity of Saltpeter 
in it; wherefore it was neceflary that their Chambers Ihould be propor- 
tionably large. This, the Modern Pyroboltjls have altered ; for in our 
Days, that Mars fcems to have been more infolent and outragious than 
ever, thofe who have had the ordering of the Artillery have greatly lef- 
fened the Chambers, becaufe our Powder is much more ftrong, than what 
was formerly ufed ; and therefore our Chambers muft be proportionable 
to the Virtues and Qimlities of the Powder they arc to contain. If what 
I have been here faying, does not feem fufficient to you, to clear up what 
1 have here oSered concerning the weaker or ftronger ElRdts of Gun^ 
powder^ in proportion to the Capacity of the Chambers where fuch Ef- 
fedls are produced, I fhall ftill farther endeavour to illuftrate it by an 
Example of Pneumatical Engines ovJVind-Guns ; for if into any two of 
them of equal Capacity you injedl an equal Quantity of Air, it is cer- 
tain that the Air fo condenfed being fet at liberty, would rulh with 
much more Noife and Impemoufnefs through a narrow Tube, than 
through a broad one, and attack any Obftacle in its Way, and impel it 
with a Power, much more confiderable than the other, and all from the 
different Size of the Tubes or Barrels; (if we are here to underftand 
Wind-Gum :) and it is certain that in unequal Capacities the greateff: 
or Icaff; Quantity of Air would help or hinder the Violence of the Air 
ifluing from two unequal Engines or Guns^ for that Quantity of Air 
which was fufficient to fwell or fill up a fmall Tube, would not be 
enough to fill up a larger Tube; but would difperfe on all Sides, and 
diffufe itfclf throughout the whole Capacity of it, and could not be fo 
much condenfed in its Excurfion through a Space where it has room to 
expand itfelf. Thus is it with Hydraulic Machines^ which throw up 
their Water the higher, the narrower their Pipes are ; which alfo moves 
with a greater Horizontal Velocity, than that which runs through large 
Pipes or Channels ; flippofing fuch Water to run in Channels or Pipes 
equally inclined to the Plane of the Horizon, and to be of equal Quan- 
tity, ^c. The Caufe of thefe different Effedls may be accounted for, 
by what we faid above, (naniely) That it is more compadted in narrow 
Channels, in which being hurried along by any Force impreffed, or 
only left to the liberty of running its inclined Courfe, it flows along 
with wonderful Rapidity. It is quite different in fpacious Channels, 
where the Water has room to fpread abroad. Apply this now to Gun- 
powder in the Chambers of Warlike Engines, where being converted 
into a Fiery Spirit, which when it finds itfelf opprefied and pent up in a 
narrow compafs, exerts its whole Strength to difengags itfelf from all 
I manner 
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manner of Rcftraint, and having forced a Paflage to the Air, it violent- 
ly explodes and difperfes that Element, which inftantly clofing together 
again, produces that (hocking Clap which is heard upon the difcharge 
of all Pieces of Ordnance. 



COROLLARY IV. 

Recreative Petards or Crackers. 

have often mentioned Petards or Crackers in the preceding 
^ ^ Chapters j but have faid nothing yet of their Conftrudtion. You 
mud know then, that there are two Sorts of Petards, which the Ger- 
mans call die Schlage : One Sort of them being ufed in Recreative Fire- 
*works\ (which only I (hall here treat of) and the other is applyed to Se- 
rious and Warlike Ufes, concerning which we (liall fpeak hereafter. The 
Form then of the Recreative Sort may be very much varied. Now of 
an infinite Number of them, thofe which you fee in Figures 105', 106, 

107 and 108 in A and B, are fuch as I ehoofe to give you the Reprefen- 
tation of. Some of thefe arc made of Paper ; as you may fee by B, in 
Fig. 105 and 108 j which are formed in Moulds particularly contrived 
for them, one of which we have already reprefented and deferibed in 
Book III. Chap. III. 

Others are made of Iron and Copper Plates, and fome of Lead as may 
be feen in Fig. 106, 107 and 108, didinguiflied by the Letter A. 

Thofe which are made of Paper after the manner that you fee in Fig. 

105 and 106, have their Upper Parts (diftmguilhed by A) filled with Fig. lot. 
Corn Powder', and their Priming-Chambers muft reft upon one and the*"^* 
fame Plane, that they may not all go off at once, but by Intervals one af- 
ter another. The Chamber of the Firft towards the Right Hand, (hall 
be Subquadruple of the Laft towards the Left, as well in thofe of Pa- 
per as thofe made of any thing elfe. As for the Proportion of the 
Chambers between the Firft and the Laft, they gradually increafe in 
going upwards, and confequently the Compojition in them muft increafe 
in Proportion : This may be readily conceived by the Oblique Lines 
b and c, upon the one and the other ScenOgrafMcal Figure, which are 
Parallel to two other Oblique Lines diftinguifhed by d, and which ter- 
minate all their Heights in fuch manner, that they are all of an equal 
Capacity, with regard to that Part of them which is filled with Corn Pow- 
der. The Inequality of their Chambers (hall be then contrived as we 
juft now ordered, and (hall be filled with a JIow Compojition, which we 
have already given yon, or elfe with the following Compofition. 

Take of Meal Powder 3 Parts, and of Coal one Part, beat them and 
incorporate them well together. Carry this Compofition into fome damp 

Place, 
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Place, that it may contrad a little Moillurc, and by that means be the 
more ealily confolidated j or clfe you may fprinkle it over with a little 
Oil of Petrol or Linjeed. 

In the Iron Crackers you muft have little Iron Partitions to feparate 
the Comfojition from the Corn Powder : Thefe Partitions muft be pierced 
in the Middle, that the Fire may have Conveyance to the Corn Powder. 
In Paper Crackers what we call the Priming-Chambers and Orifices, muft 
be made juft after the fame Manner as we choiak Rockets^ with this Dif- 
ference only, that they muft be choaked clofer in thefe than in thofe, 
according to the Size and Quality of your Crackers. 

Fig- As for thofe which you fee in Fig. 107, they are filled only with Com 
Powder^ and ftopped well up at Top with Paper or Tow, and have fmall 
Vent-holes at Bottom where they receive the Fire. 

Fig- 108. In ftiort, thofe Crackers which you fee in A Fig. 108 are clofed up 
both at Top and Bottom with thin. Iron Plates, which muft be well fol- 
dered to the Tube, and pierced. As to the Method of charging them, 
you make an Hole in one Side of them to put in Com Powder. 

That which you fee in B, muft be ordered after the following Man- 
ner : After having choakcd it clofe up at Bottom with ftrong Pack- 
thread or Cord, fill it up with Powder^ and choak it clofe at Top. This 
done, bore an Hole through the Side of it, into which you lhall put a 
little Iron or Copper Fuze filled with Meal Powder. Thus you will 
have your Crackers ready for Ufe, and properly adjufted. 

Sometimes inftead of Crackers we ufe hollow Leaden Bullets (which 
are mere Grenada's) which are filled with Corn Powder j we have ap- 
plyed feveral of this Sort to our Water-Globes in this Book, Chap. I. Be- 
fides thefe there are others made in Form of a Cube, fome of a 'Tetrahe- 
dron, others of a Prifm, and in many other Shapes Regular and Irre- 
gular. 
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PART n. of this BOOK. 

Which TREATS of 

FIRE-GLOBES; or BALLS 

PREPARED FOR 

MILITARY USES. 



H E Number of Artificial Balls prepared for the feveral Mi~ 
litary Purpofes is almoft infinite, fo that it is impoffible to 
give an Account of them all : For which Reafon I fhall on- 
ly touch upon fbme of the beft and principal of them j but 
more particularly upon thole which are ufed in our Daysj which I 
(hall in this fecond Part of this Book^ delineate and explain to our Py- 
robolifi with all the Perlpicuity and Accuracy I am able. I fhall allot 
a Chapter to each Sort of them, in Confideration that they differ pretty 
much from each other in Effedt j and are diftinguilhed accordingly by 
particular Appellations. 




CHAP. I. 

Of Hand-Grenado’s. 

SORT L 

A S to the Form of Hand-Grenado* Sy it is perfedlly Spherical, as is 
alfo the Cavity in the Middle of them j and they are called Hand^ 
Grenade's from being grafped, and thrown by Hand, to annoy the Ene- 
my. If we would Hick to the Latin Denomination of them, we Ihould 
call them Palmary Grenadcls, bccaufe their Hemifpheres commonly fill 

H h h up 
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up the Palm of the Hand ; for they are ufually of the Size of an Iron 
Bullet of 4, 5, 6 or They fometimes weigh i 15 or i .t 15 , and 

fometimes 2 or 3 15 . They are called Grenada's from the Rcfemblancc 
they bear to the -f* Punic Fruit which we call Pomegranates -y for as the 
Rind of thefe inclofes a vaft Number of Grains, from whence they de- 
rive their Name of Granates ; fo our Military Grenada's are filled with 
innumerable Grains or Corns of Gun-powdery which taking Fire, burfl 
them into a thoufand Splinters, which fly againfl-, and grievoufly opprefs 
the Enemy ; therefore Leonard Frontzberger in his Artillery calls them 
fpringende and Jchlagende Kugelen ; which is as much as to fay, leaping 
or boundingy or rather Jiriking Balky if we may fo exprefs ourfelves. 
Now this laft Appellation of thefe Balls may be very properly applyed 
to all the greater Grenada's j which doubtlefs borrowed their Name ^ 
from the fmaller Sort, which have a greater Natural Refemblance to 
the Punic Fruit above-mentioned than the Larger have : Add to 
which, that it is certain the Small ones were ufed before Men (induftri- 
ous to each other’s Ruin) invented the Great ones. And indeed we do 
not find the leafl: Footfteps of the great Grenada'^ amongft the ancient 
Pyrobolijls'y but their Writings make ample and particular mention of 
the fmaller as what they were perfectly well acquainted with, tho’ at 
the fame time it muft be confefled that they called them by other 
Names, and treated of them in a different Manner from us. Boxbornius 
relates fomething which agrees pretty well with our Sentiments con- 
cerning Hand-Grenado's in his HiRory of the Siege of Breda in the Year 
1617. 

Grenade’s (fays he) which we have fo ojten mentionedy derive their Ap- 
pellation from their Pefemblance to Pomegranates ; and are hollow Iron or 
Brafs G lobes y the Diameter of whofe Cavity is 3 Unciae or IncheSy and 
whofe I'hicknefs of Metal is 3 Lines. Sthey are filed with Gun-powder, 
and Jhmetimes with particular Compofitions \ in their Vents they have 
Fuzes which are fow indeed in Combufion, but very fufceptible of FirCy 
and calculated to burn for fame timCy to avoid the danger of their burfing 
in the Hands of thofe who throw them. The fame Author fays in another 
Place, Idhat they forbore to throw thofe Balls which derive their Marne 
from the Punic Apple ; becaufe as they required a good deal ^Powder, and 
the Befieged falling Jhort in that Articlcy they could not afford to fupply 
them with it. 

But it were to no purpofe to dwell any longer on the Etymology 
of thefe Balky fince every Body knows what is meant by them. Let us 
then proceed to the Order obferved in the Preparation of them i which 
indeed is fomewhat needlefs after what we have quoted from Boxhor^ 
niiis : But however I muft beg Leave to add three or four Words which 
Ihall favour more of Pyrotechnics than of Kiftory. 



t Tjis i« the lane with J-fnutn aodl Carthapman, 
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With regard then to the Matter of which they are formed, Hand-Gre- 
nadds may be faid to be of three Sorts ; the Firfl and mciT: common of 
which are made of Iron j the Second of Brafs mixed and allayed with 
other Metals j and the Third of Glals, If you would have them of Iron^ 
they muft be the mod: brittle and the lealt wrought that they can pofli- 
bly be. If you would have them of Brafs or Copper, you muft mix 
6 lb of Copper with 2 15 of Tin and half a lb of Marcafite ; or elfe it 
Ihall be one 15 of Tin, with 3 15 of Lattin. Thofe which are made 
of Iron, ftiall have their Metal throughout, of the Thicknefs of , of 
their Diameters. Thofe which are made of Brafs /hall be U. And thofe 
which are made of Glafs, fhall be } of their Diameters in Thicknefs, as 
may be feen in the i%. 109 under the Letters A, B and C. Fig. 109* 

The Diameter of the Vent fhall be | of the Diameter of the Gr^> 
ftadoi and the little Hole fhall be 77 of the fame Diameter : It is through 
this that the Body of the Grenada is filled with Corn Powder. 

The Fuze which you fee in the Letter D, fhall have its Diameter 
from Outfide to Outfide f of the Diameter of the Grenada^ or it fhall be 
a little lefs that it may eafily flip down into the Vent. The Length of 
this Fuze fhall be I of the fame Diameter j and the Hollow of it fhall 
be h the Top of it fhall be a concave Hemifphere, as may be feen 
by the abovefaid Figure. This Concavity muft be filled W'ith Powder 
finely mealed, which muft be moiftened with a little Gum or Glue Wa- 
ter, that it may ftick together the clofer. As for the Body of the Fuze 
itfelf, it fliall be filled with one of the Compojifions herc-under given j 
then capped with Tow, and fome of that Pyrotechnic Cement the 
Germans call Kit\ which is made of 4 Parts of Ship Pitchy 2 Parts of 
Colophoncy one Part of ^urpentinCy and one Part of Wax j thefe are all 
put into a glazed Earthen Pot, melted over a flow Fire, and mixed and 
incorporated well together. 

Ck>mpofitions for the Fuzes of Grenado’s. 

I. 

Of Ponvder one 15 j of Saltpeter one 15 ; of Sulphur one 15. 

II. 

Of Powder 3 15 ; of Saltpeter 2 15 ; of Sulphur one 15. 

III. 

Of Powder 4 15 ; of Saltpeter 3 15 ; of Sulphur 2 15. 

IV. 

Of Powder 4 15 j of Saltpeter 3 15 j of Sulphur one 15. 
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SORT n. 

The Hand~Grenado I am now going to defcribe, differs in no refpe<3: 
from the former, excepting in its Fuze, which is otherwife contrived, 
and which together with fome other minute Clrcumftanees, is all that 
conllitutes this, a Grenada of a different Sort from the foregoing. We 
no. have given you a Reprefentation of this in Fig, i lo ; in the Preparation 
of which you are to take Notice of the following Rules. Firft, get a 
Wooden Fuze made (though it may be of fome Metal if you will) 
whofe Length is equal to the Diameter of the Grenada^ and it^ Breadth 
equal to the Diameter of the Vent ; but it fhall be thicker and larger 
at Top by j of a Diameter, where it is to be hollowed out in a Concave 
Hemifphere. The lower Part of it, which is to go down into the Gre- 
nadoy fhall be bored with feveral Holes which fhall be filled with Meal 
Powder. This done; fix it in the Grenada in fuch manner that the 
lower End of it may reft upon the Bottom of the Shell, and fecure it as 
we faid before ; then fill the Grenada with good Corn Powder, which 
you are to do by a little Hole on one Side of it, which fhall afterwards 
be flopped up with a little Wooden Pin or Spile which mufl be very 
forcibly driven in. The Head of the Fuze fhall be crowned or adorned 
with Sprigs of firefh and green Box, which fhall be tied with Packthread, 
to keep them fafl whilfl they are handled. 

When you would put thefe Grenada's in Pradlice, take a little End of 
Match, of fuch Size as to be able to flip readily down the Hollow of 
the Fuze, and tye a little Leaden Bullet to the lower Extremity of it. 
Then light your Match, and as foon as it has acquired a good Coal, put 
it into the Fuze with its Bullet downwards, and throw the Grenada 
where you think fit; and be allured, that as foon as it flrikes againfl the 
Ground, the Leaden Bullet and its Match will fall down in the Fuze, 
and by lighting the Meal Powder in the Side Holes of it, will fire the 
Grenada and fplit it into a thoufand Pieces. The Sprigs of Box are not 
defigned fo much for Ornament as Ufe in this cafe ; for they lerve to 
keep the Vent of the Grenada upwards, or in a Vertical Pofition whilfl 
it is in the Air, fo that falling upon its Bottom, it may fhake down the 
Leaden Bullet, and confcquently the Match with it : This Contrivance 
may likewife be of Ufe to other Bodies which are to fall down upon 
Horizontal Planes. 

This Grenada is mofl frequently armed with Leaden Bullets ; that is, 
the Outfide of it is covered with them, that it may do the greater Exe- 
cution. In order to do this, you mull firfl coat the Grenada with melt- 
ed Wax which mufl have a certain Quantity of Colophone mixed with 
it; into which you may fink as many Mufquet Balls as you pleafe whilfl 
it is cooling ; Then wrap the Whole up in a Cloth, and bind it well 
round with Packthread. 

4 
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SORT III. 

In Figure iii, I give you the Reprefentation of a Hand-GrenadoV\$. ni. 
(though it may be of a larger Size if you will) which may be privately 
hid at the Entrance of any Avenue, or in any narrow Paflage, through 
which you expedt the Enemy to come. This Grenada has two Holes 
Diametrically oppofite to each other j through which paffes a Wooden 
or Metal Fuze, pierced all round with Holes, primed and falted over 
with Meal Powder j through this Fuze you draw a piece of common 
Match lighted at one End ; The Vertex of this Grenada has a Third 
Hole (or Vent) where you fill the Cavity of it with Corn Powder ^ which 
being afterwards firmly flopped up with a Tompion, your Grenada will 
be prepared. I believe I need not teach you the Ufe of this, which 
you may eafily gather from the Figure itfelf, and which upon occafion 
Nccefficy may fuggcft to you. 



COROLLARY. 



How to Throw or Defruer Hand-Grenado’s. 



AFTER our Definition and Defcription of thefe Grenada's^ we need 
not tell you that they are grafped and thrown by Hand, at fuch 



times as the Enemy is within the reach of your Strength ; Nor need we 
tell you that they are both Offenlive and Defenfive Arms^ which thofe 
who know nothing of the matter, may learn from fuch as have been 
prefent at Sieges i We fhall only add, that Hand-Grenadd s are very 
much-ufed after the happy Succefs of a Mine, which has made a Breach 
in fomc Rampart, thrown down a Wall, or blown up a Baftion j it is 
then that they are ufed to clear the Way in mounting the Breach ; It is 
upon fuch occafions, that you fee the moft generous and brave of 
each Side, armed with Fire and Flame, valiantly maintaining the 
Caufe of their Prince, the Intereft of their Country, their Liberties and 
their Lives. Or when the Befiegers have got to the Foot of a Rampart, 
and arc obftinatcly bent upon infulting it, and infenfibly fcale it } (being 
covered by the Rampart itfelf from the Defences of the Flanks :) It is 
then that the Befieged are to fhower down Grenada's upon the Enemy, 
and of which the Befi^ers are to make the beft returns they can, to 
procure themfelves a free and fafe Paflage ; as was not long fince feen at 
the Siege of Hulji, which was taken by the Hollanders. But it is impof- 
fiblc to enumerate the feveral particular Ufes of Hand-Grenado' s in the 
Occurrences of War, and efpecially when both Armies are fo near as to 
be almofl at Handy-cufFs with each other. It it fometimes neceffary to 
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throw them at great diftances j but here I mean one after another : I 
fhall hereafter fhew how to throw feveral together, which being a Work 
unequal to the bare Strength of a Soldier, the Mafters of this Art have 
invented little convenient M^Unes for that Puipolc ; the beft Sort of 
Fig. iii.which I repreient m Fig. 112, after Jiaviag madeibme neceffa4y Addi- 
tions to it. With this Machine you may not only throw Mand-Grenadtis, 
but feveral other Sorts of Military Fire-Worh^ flich as Ught Balls, 
Bombs, Fire^pots, Fire^hoops, Garlands, and Crowns, and feveral other 
fuch like things, which we fhall ipcak of in their proper Places. 

There is nothing difficult in the Conftrudtion of this Machine, and it 
may be eafUy comprehended by the Figure itfelf : I fhall only add, that 
fo much the longer that Arm of it is, which is made in the Form of a 
Ladle (into which the Grenada is to be put) than the other Arm to 
which the String is faftened, fo much dbc more powerful will it be. 
You muft here underftand their Length to be meafured from the Center 
of the Iron Spindle, upon which they turn, to one and the other Ex- 
tremity of the Arms j and in this they imitate a Balance. 

Boxhormus alfo mentions, in the above-quoted Place, a certain new In- 
vented Machine, made like one of our Mortars, and well fortified with 
Iron Rings, with which they fhot Hand-Grenado's into Breda during 
the Siege. And it is not long fince wc faw at the Siege of Huljl, and 
fince then at Murffiy, which is a pretty ftrong Place, a like Machine 
conftruded by a bold Englijh Soldier, who prefented it to Frederic 
Henry Prince of Orange, of immortal Memory i of whom this Englijb- 
man demanded 100 Dutch Florins for the Trouble he fhould take, and 
the Danger he fhould incur in throwing his Grenada s : In fhoit, he 
obtained his Demand, and began to play his Machine-, but to fay the 
Truth, he did it fo aukwardly, and with fb little Judgment, that the 
greateft part of his Grenade's cither did not reach the Place they were 
defigned for, or laroke in the Air 5 which was attributed to the Defb 5 t 
and Imperfedion of the Engine, together with the Ignorance of the En- 
gineer who wanted Skill to govern it. 

We fhall, in the Second Part of our Work, give you a Treatife upon 
Mortars, in which we fhall take occafion to fpeak of a little Machine of 
our Contrivance, more perfed: and artificial than this, for prqjedting 
Hand-Grenadd s, or greater Shells if you will, and to throw them juft 
where you pleafe : But that for which it is as ufeiul as admirable, 
is its being able to throw feveral at once, as for inftance 7 at a time, 
or one after another according as the Exigence of Affairs requires j to 
which I for the prefcnt refer the Reader who is fo curious as to want 
the Conftrudion of it. 

But upon the whole I cannot help admiring at the rigorous Sentence, 
which the firft Inventors of our Art paffed upon the Warlike Ma^ 
chines of the Ancients, as if guilty of fomc notorious Crime, for which 
they rcfolved entirely to banifh them from the Modern Arts «f War 

and 
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and to carry their Contempt of them fo far, as to burn them ignomi- 
nioufly in their Kitchens, that th^e might not remain any Footfteps of 
them } conceiving perhaps that their SucceiTors, convinced of their In- 
nocence, m%ht one time or other recal them from Banifemenr, iif 
they were not utterly deftroyed. And indeed if the Writii^s of fo 
many great Men their Contemporaries, who had ieen their wonder- 
ful EfFefts, did not bear wknefs of the great Services they did, whilft 
they were in their greateft Splendor and moft venerable Majefty, 

Wc fliould never have known any thing relating to their Conftrudtion. 

An ungrateful Return fure they nwet with, for their great and migh- 
ty Performances ! Muft Contempt be the Reward of their illuflrious 
Executions, by means of which Rome became Miflrefs of the Worlds 
and triumphed over Nations and Kings till then Invincible ? No : 
it would be in vain to dwell upon this Subjc(fl:j they have fufFered 
great Injuftice, and ftill continue to fuffer it, and are now not even 
admitted into the moft inferior Clafs of the Servants of Mars and 
Bellona^ but are totally rejeded, and condemned to an inglorious In- 
aiftivity } and are fo far funk in Point of Reputation, that whofoever 
offers any thing in Favour of them, is fneered at by a Pack of ^norant 
Fellows, who openly feoff at the great Exploits they formerly did, and 
look upon them as Romances and old Women’s Talcs. 

But to what purpofe do I waftc my Time in defending the Caufe 
thofe injured Inventions ? Lip^us^ the greateft and beft Judge that ever 
was of the Ancient and Modern Arts o>{War^ has fufiiciently pleaded in 
their Behalf j to whom we are infinitely obliged for the Trouble he 
has been at in tracing out the Ufes and Services of them : It is from 
him that we have colle<fted fo rich a Store of what concerns the won- 
derful Machines of the Ancients, and which we fhall dwell upon when 
wc come to compare them with ours. My fi^e Defign at prefrnt is to 
evince, that all the Sorts of Grenada' s^ and the other Pyrobolical Inven- 
tions in prefent Ufe (which might be projected by the Slings^ and *|“ Fun* 
dibali of the Ancients but not by the Balijia) may be flung very conve- 
niently to very great Diftances. 

Firit then j I beg of you to liften to what I am going to fay of the 
liirprizing Strength and admirable Eftedts of Slings, which indeed arc fo 
very great, that when I firft read and confidered them, I was pcrfedlly 
tranfported. Ovid fpeaks fomewhere of them to this Purpofe. 

Non /ecus exarjit, quam cum Balearica Plumbum 
Funda jacit, volat illud ^ incandefeit eundo 
Et quos non habuit, fub nubibus invenit Ignes, 

In Fnglijh thus : 

It burns, as when from Balearic Thong, 

The pond’rous Lead with nervous Force is flung ; 



j- Thcfe were a kind of Slingu 



Which 




Of the Great of AKTihhttiY. Book IV. 

Which flies and whifUes through the airy Height ; 

And glows with raging Heat contracted in its Flight. 

By this it appears, that in his Time they ufed ihc Sltng for Leaden 
Balls, which were perhaps fiUed with Combuftible Matter, fince he fays 
that they took Fire in their Flight, and acquired a Flame in the Air by 
their violent Motion. Lucan fays as much : 

Inde faces, & faxa •oolant, jpaf toque foJufa 

Airis, ^calido liqu^a^a pondere glandes. 

In EngUJh thus i 

There Fiery Darts, and rocky Fragments fly i 

And nielting Bullets whifUe thro’ the Sky. 

All thefe Fire-^Brands or Darts, Flying Stones, Melted Bullets, which 
he here fpeaks oj^ were the true Fire-W irks of his Time, which they 
fliot at the Enemy with Slings, or fomc fuch Contrivance. 

I <Kal1 pafs over feveral odier Authors, the Teftimony of whom is col- 
leded by * Lipjius to prove what he fays of Slings. But I cannot omit 
what + Seneca fays in his Natural ^ejlions. Motion (fays he) rarifies the 
Air, and that extreme BarefaSlion generates Heat : ^bus a Bullet pro- 
jeSted from a Sling is melted by the Attrition of the Air as much as it 
would have been by Fire. Docs not this appear very ftrange ? Surely if 
we had not the Teftimony of fo many great Men, we fhould at once 
look iq>on thefe as Romantic Fables, fbfeph ^ercetan feems to think 
them Fabulous in his Book of the Carbine, where he difputes againft 
H Arifiotle j who ftys, fhdt the Darts and Javelins were Jb heated by the 
FriSlion or Attrition of the Air, that they were hot enough to melt Lead, 
This, ^ercetan flatly denies j inafmuch as Experience teaches the con- 
trary, by fhewing ^zt Mufquet Balls, &c. which are projedled by Fire, 
and that with greater Violence (thefe arc his Words) than any Arrow or 
Dart can be fhot, are not heated to that degree. Let us now examine 
into the Weights, Siaes, And Qualities of thefe Bodies j and at the fame 
time we fhall fee how far the ancient Slings could throw them j which is 
partly the End and Aim of this EfTay. 

Diodorus Siculus fpeaking of the Inhabitants of the Balearic IJlands, 
fa)TS, *Fbat they were the moft dextrous People in the World at flinging 
great Stones. The fame Author fays elfcwhere of thefe Iflanders, fbat 
they bad acquired fuch a Perfection in the Exercife of the Sling, that they 
could cajl great Stones with fuch Strength and Violence that they feemed 
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rather to be Jhot from *f* Catapukae, fo great and violent wai the Blow 
they gave! which broke Shield^ Helmet^ and every other kind of Armour^ 
tbwgb never fo well tempered. An uncertain Author in Suidasy fays of 
the fame People, ^at they flung Stones of the Weight of a Mina : By 
which he means an Attic Minay which weighed 100 DramSy as we have 
feid elfewhcre j but Cafar calls them Libral or Pound Slings. So much 
for the Weight of the Stones they ufed to fling j which, according to 
what wc have faid above, agrees pretty well with the Weight of our 
Hand-Grenadd s. We are told alfo that befides Stones, They ufed 
to fling Leaden Balls at their Enemies, without the Afliftance of any 
Engines but their Fundee or Slings j which wc cannot compare 
with any thing more properly than with our Grenadds. An uncer- 
tain Author m Suidas lays, ^bat the J Cadurci were reckoned the befl 
S lingers } and that they could cafl Stones and Leaden Balls to that Nicety 
as never to mifs their Aim. They had farthermore a way of flinging 
Pots full of FirCy into the Places they Befleged when they were near 
enough to do it, or had got Pofleffion of the Outworks ; But 1 cannot 
avoid thinking that thefe Fire Pots were heavier than our Grenadds. 
Appianus in his Ubic. fays, ^hat the Romans had raifed high 'TerraJfeS 
oppoflte to thofe lowers j from whence they threw a great Number of lighted 
Torches Fire-Brands, together with Vejfels /a// ^Sulphur aW Pitch. 

And Dion, in Lib. XX. fpeaking of the Time when the Romans befleged 
the Capitoly which their Slaves had poflfclTed themfclves of, fays, Thai 
there were Thofe who flung Veflels full ^Bitumen and boiling Pitch 
the Houfes in the Neighbourhood of the Capitol. However this was, wc 
mull believe it flnee they fay it ; But all thefe things were only fo many 
Forethoughts of our Hand-Grenadd s. You will find ftill fomething far- 
ther to this Purpofe in |) Julius CafaP% CommentarieSy where he fays; 

That a great Wind riflngy the Gauls began to fling upon our Cabhins and 
Huts (winch were only thatched with Straw if ter the Fajhion of the Coun- 
try) hot Balls which were made of a fujible Earthy and at the fame time 
Jhowered a vafl number of very Javelins upon us. But Lipfius is of 
Opinion, that this ought to be rendered Earthen Vejfels filled with melted 
or boiling Matter. Orofius Ipeaking alfo on the fanie Subjedl, fays, That 
they took red-hot Pots or Earthen Headsy and tbfvw them at their Ene- 
mies. 

It was thus that the Romans and the moft Warlike Nations their Con- 
temporaries ufed the Slingy as well in attacking their Enemies as de^ 
fending themfelves. If you would know in what great Elleem they 
were held within the Memory of our Fathers amongfl; our Northern 
Neighbours, evenfince the Invention of Gun-powder*, confult Olausthc 
great Archbiftiop oiVpfal, who was one of the mofl: learned Writers 
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that ever lived in the North ; and who fpcaks in thde Terms : * 1 - ^he 
Aquiionians, or Northern Peopk, •when they drftgn to befiegt fome or 
attack a Camp^ have certain flexible CbainSy or a kind of Links and yoints 
of Iron made faft to Sticks or Staves^ which they prefer to all other ArmSy 
particularly wOn the Country is flony. But in fuck Places where they can 
get no Stones nor Pebbles (which feldom happens in thcfe Parts) they fling 
pieces of red-hot Irony •which they put into the Purfes of their Siings with 
Pincers. You always fee them with a certain Vejfel in their Hands made Uhe 
a Roman Barrel, full of Crufls and Pieces of Irony which being heated red- 
hot y and flung at the Enemy y they make jb ftrange and dangerous a Wmndy 
that whoever has the Misfortune of being flruck by them, mufl hope for n» 
Help from any Phyflcian or Surgeon. And the reafbn why this Iron, 
wounds fo dangeroufly and irrecoverably (obfcrvc this) is becaufe of its 
Weight and the Aduflion it caufes in the Part. Yhe Remembrance of an 
Event like thisy is flill frejh in the Perfon of Chriftiern the Ild King of 
Denmark, who Iqfl a mighty Army in the Tear 1521, at the City and 
Camp of Arofen, by means of fucb contrived Arms. For here they did the 
fame with burning Darts, which being taken with Iron Pincers from 
the FirCy and put upon Balliftae (for they promifcuoufly ufed the an- 
cient and modern Machines together) they were Jhot from tbemy and 
wounded the more incurablyy according to their degree of Heat, which 
made it fometimes impojjihle to draw them out with the Hand : But what 
was the mofl diflflrous and dreadful j tbefe burning Darts and Pieces f 
red-hot Irony falling upon their Gun-powder it was inflantly flredy and 
went ofl^ with a deafning Clapy and burned and flifled all the circumadja- 
cent Soldiers j and what flill added to their Misfortuncy was the Incurfions 
and Outrage of the MountaineerSy (a Savage Brutal Race bred in Subter- 
raneous Caverns and Mines) who overwhelmed them with Darts y Stones, 
and Pieces of hot Irony which they Jhowered upon them with their Slings. I 
flaw (lays he) 250 Italian Miles from thencOy fever al that were brought by 
Sea to Stockholm j a mofl terrible Sight to behold! fome were without No- 
fesy others bad lofl their EyeSy tbefe their Arms, and thofe their Legs : In 
Jborty their Wounds being incurablcy the Germans, Scots and Danes in 
particular y died in the utmofl Mifery, 

Let us now have done with the Size, Weight, and Quality of the Bo- 
dies that were ufually thrown from the Slings of Ancients: And indeed 

I believe I have faid enough on this Subjeft for you to draw fbme Con- 
jecture of the Diftancc they could carry, as well as of their Certitude 
of hitting what they aimed at. But % Vegetius fpeaks very plainly of 
this Matter, when he lays, That the Archers and S lingers fet up a fmaU 
Fs^oty or Bundle gf Straw for a Markyfrom which they retired to the di- 
flance of too Footy and hardly ever mifled it with the Arrows they Jhoty or 
the Stones they flung. We read alfo in Holy Writ, j| That among the In- 
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habitants of G'lh&ih there were /even hundred chofen Men left-banded^ eve- 
r^ one of whom could Jling Stones at an hairf -breadth and not mifs. The 
Roman Surveyors had moreover a certain Meafure which they affigned 
to Fields and Grounds, which anfwered to the Caft of a Sling ; from 
whence they called a Farm with all the Tillage belonging to it, Fun- 
duSy (which the French at this Day call Fonds ; ) whole Breadth and 
Length was a Sling Caft. Thofe who know any thing of this Meafure, 
affirm that it was 600 Foot. We find Ibmething to this Purpofe in 
tflian in focul. in thefe Words. 

Fundum Varrovocaty ^uem p^fim mittere Fundd 
Ni tamen exciderit qua cava funda pateti. 

But to what Purpofe ftiould we dwell any longer upon the Power and 
Properties of the Sling? Let us now try whether or no, we can, ac- 
cording to the Rules of Modern firchiteBurCy conveniently fling Grena- 
des from our Lines of Approach into the Enemy’s Intrenchments. Firft 
then it is a general Rule amongft our Military Architefis or Engineers, 
to begin their Lines of Approach at the diftance of 60 Rods from the 
Place Befiegedj if the Situation of it will not permit to break Ground 
nearer without Danger. This Diftance is equal to the Level Range of 
Bodies projetfted from Slings j for it is thus that you muft underftand 
what Vegetius fays above of the Exercife of the Roman Soldiers j which 
alfo is taken Notice of by feveral otherWriters: And it is likewife with us 
the Pra<ftice of our Mufqueteers, to exercife themfelves at a Mark fet up 
at about the Height of a Man, from whence they retire 200 or 300 Pa- 
ces, to acquire a Certainty in their Aim, and to familiarize the thing to 
them, when they come to engage with the Enemy Face to Face. But 
as this Method of aiming is quite different from the Prqjedion of our 
Hand-Grenadof, the former being Parallel to the Horizon, and the latter 
in a Curve, in which the Body falls into the Enemy’s Works, we muft 
find fome other way of doing it. 

Now it is very evident from the Obfervations on the Shots of our 
great Guns, &c, that the Line of Shot which the French call, de ni- 
veau, and the Italians, de poxto in bianco, and We, point blank, is the 
Tenth Part or thereabouts of the utmoft Random^ at an Elevation of 
45 Deg. 

It is frrthcr certain, that all ProjeAilcs obferve one conftant Proporti- 
on : Therefore if any one takes his Aim, to fling an Hand-Grenado af- 
ter having fwung it a few tknes round his Head; and endeavours to 
throw it at the diftance of 6000 Foot, or 600 Rods, which is ten times 
as far as the Spot where you begin your Lines of Approach is from the 
Place befieged (provided always that it does not exceed 60 ’Toifes or 
Rods, or 600 Foot) I do not in the leaft doubt that it would fell within 
the Enemy’s WalJU ; for all Thofe who ufe the Sling, or throw any thii^ 
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with the Arm only, are naturally led to projcdt it in an Angle of 
45 Deg. or thereabouts. But fuppofe they were to be thrown to the di- 
ftance of 30 or 40 Toifes only ; who will deny that it may be very 
conveniently done by Slings t Provided they are always ordered and di- 
rected in the fame manner as our Mdrtar-Pieces, when we would flioot 
Bomhf great Grenado\ and other Pyrobolical Balls from them to little 
Diftances; that is, you mull allow them the fame Elevation} which is 
a Dexterity and Knack that might be ealily acquired, partly by a pre- 
vious Knowledge in Gunnery^ and partly by continual Practice } for it 
was doubtlefs by Ufe and Cullom that thofe Foreign Nations attained 
fuch Skill in handling the Slings as enabled them to do iiich mighty Ex- 
ploits, and to perform fuch terrible Execution with it as they did. 

I mull confefs, this is a Point which requires Ibme Prolixity in the 
treating of it, but becaufe I do not think this a proper Place for fuch a 
Difcourle I Ihall proceed Luther on : And in the mean time only ob- 
lerve in what manner, the Slings being loaded with a Hand-GrenadOy 
the Slingers may'fo contrive as to projeCl them from the Trenches into 
the midll of their Enemies. In order to this ; lodge your Slingers up- 
on the moll advanced part of the LineSy in fome Place where they may 
be in Safety, and under the Covert of a good Parapet ; as for Example, 
in fome Redoubt whofe dillance from the Top of the Gabions on the 
Enemy’s Parapet Ihall be 500 Foot. Now that we may not feem to be 
too hard upon our Soldiers, whole Arms are not yet formed to this Exer- 
cile, and that they may not think we would impofe Impollibilities on 
them, we will luppofe that our Hand~Grenado' s cannot be thrown to a 
greater Dillance than 100 Foot ; therefore (according to what we j&id 
above) if they be projected at an Angle of 45 Deg. they mull deferibe a 
Curve of 1 000 Foot: But as a Dillance of 500 Foot requires that the 
Arm of the Slinger Ihould deliver the Grenada at an Angle of 10 Deg. 
(or i of a Qmdrant) beginning from the Center of the Arm that flings ; 
therefore if the Slmger Hands upon the Spot which terminates the Di- 
flance of the Place as aforefaid, at 15 Foot from the Parapet of the 
Lines of Approach, and if from that fame Point there be a Stake 
planted whofe Height exceeds the meafure of the Slinger from the Sole 
of his Foot to the Center of his Arm by 2 Foot 8 Inches, and whole 
Pofition is perpendicular and direCUy oppolite to the place where you 
fend your Grenada's (or clfe they will go wide of your Aim,) and if the 
Slinger remains fixed in that Point, and after having fired the Fuze of 
his Grenada in the Piirfe of his Sling, he gives it one Turn only, and 
then throws it towards the befieged Place, in fuch a manner that the 
Grenada (every time he delivers one) almoll touches the Top of the faid 
Stake, and if he has always the End of it for a Mark, he will never 
fail of fending his Grenada's to the Place they arc defigned for } provided 
they are of equal Weight, and that their Fuzes arc fo ordered, as not to 
fire them before they are arrived at the intended Length. Now the 
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Fire of your Fuze will never go out if you fill it with one of the Com~ 
fojitiom we have given above, which I can venture toafifureyou o^ 
having often uled them with Succefs for the Fuzes of great Shells that 
arc fhot from Mortars^ whofc Motion you may believe is none of the 
floweii 



REMARK I. 

By what we have faid of the Stake driven perpendicularly into the 
Earth, you are to underfrand that the Height of 2 Foot 8 Inches, over 
and above the Height of the Man from the Sole of the Foot to the 
Center of the Arm, is a Perpendicular in a redbangled Triangle, whole 
Bafc is 15 Foot : The Angle intercepted between the Bale, which be- 
gins in the Center of the Arm of the Slinger^ and the Hypotbenufet 
which is the Hand that is lifted up with the Slings is exadtly 10 Deg* 
to which Angle, the Perpendicular beforementioned is directly parallel 
or oppofitt. The farther the S linger removes from the Perch or Stake, 
the longer will the Perpendicular be \ and on the contrary, the nearer 
he approaches to it the Ihortcr. What I have here laid, is by way of 
Example only, inafmuch as Safes of various Lengths require different 
Perpendiculars. 



REMARK II. 

You muff mcalurc the Diffance between the Slinger and the Tops 
of the Gabions on the Enemy’s Ramparts in fuch manner that there 
may be a Space of 15 Foot moreor lefs between him and the Parapet q( the 
Lines of Approach, which Bale lhall be terminated by the Stake above- 
mentioned i left mcafuring the Diffance from the Inner Height of your 
Parapet, you be obliged to expofe yourfelf to evident Danger, by plant- 
ing the faid Stake on the other fide of your Gabions: But this may on 
the other hand be done within the Befieged Place. 

REMARK III. 

The Strings or Reins of your Slings may be of Lengths lutable to 
the Diftances of Places, according to the Practice of the ancient Inha- 
bitants of the Balearic IJlands, who knew very well how to lengthen 
and fliorten their Slings as occafion required, if we may believe -f- Flo- 
ras, who tells us. Upon Warlike Occajions they ufe three Sorts p/* Slings, fo 
that it is no wonder they are fuch good MarPs-Men, ejpecially when we 
corner they have no other Arms, and are trained up to the SVvagfrom the 
Cradle and to harden them, it is the Cujlom of the Mother never to give 
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her Child any Vifiuah till Jbe Pienus it him with a good Blow. But let us 
hear what Strabo fays of thefe Iflanders j I’hey carry three Slings twijled 
about their Heads, the Reins of one of which are very long for great Di-^ 
fiances-, of the other very Jhort,for fmall Difances-, and of the third ofamid- 
dling Size between the two former, for middling Dijiances. Diodorus would 
have them wear the Shorteft round the Head, the Longeft like a Girdle 
round the Middle, and carry the Middling one in their Hands. 

REMARK IV. 

Nothing can be more convenient or certain for throwing Hand-Gre~ 
nadds than the Sling-, for we have often oblerved, that when they are (hot 
from Machines like Mortars, they are apt to break before they are pro- 
jefted, to the great Damage of the Machine, and Danger of the Perfbns 
who play it. If on the other Side they are delivered from the Hand on- 
ly, what Difafters are not thofe liable to who are obliged to do it j befidcs 
thofe to which they are already expofed? Thefeveral Sieges of our Time 
have all furnlfhed us with difmal Inftances of the Ruin and Death of 
many a brave Fellow, to whom this Iron Fruit was more fatal, than 
hurtful to their Enemies : In good Truth, if my Matter was here 
who taught me the firft Rudiments of this Noble Art, he would be ve- 
ry ready to back what I have here oifered, and (I dare lay) would tell 
you, that if it had been the Cuftom in his Time to throw Grenadds 
with a Sling, he had never loft his Right Hand. Befides the Sling, I 
approve very much of certain little Machines not very unlike the 
lifiee of the Ancients j fuch as we have already deferibed -, therefore I 
ttiall curforily touch upon them. 

We ttiall in the following Chapter treat of the great Grenadds that 
art ufually projected from Mortars -, but I mutt by the way take Notice 
that they may be very conveniently ftiot from the Balijke of the An- 
cients. 1 ttiall in Book I. Chap. I. of the Second Part of our Artil- 
lery dwell upon the Power and ElFeCls of thofe Machines, where I fliall 
confirm what I fay with the Teftimony of fcveral good Authors; 
and give you the Profils and Scenographical Figures of them, moft 
curioufly and exadlly drawn, and occafionally explain how the An- 
cients were wont to conftrudt them. Be fatisfied at prefent with 
what X 'Cells us of the incredible Power and Strength of 

the BaUfa, m his Account of the Deftrudtion of Jerufaiem ; where 
he faith, That every Stone was of a Falent Weight-, and did Execu- 
tion not oidly at Hand, but to the Fop of the Walls and Ramparts, thot^h 
it were at a Furlong diftance -, and where it fell it carried a whole File 
before it. And ■f' Diodorus -, Demetrius placed in his * Hekpolis Je~ 
veral Machines, the greatefi of which carried Stones of three F aknts. 
Athenoeus alfo fpeaking of King Hierds Ship which was fwiik after a 
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Model contrived by Archimedes, relates, -f- T“bat in this Ship thiy erefted 
a Platform or Battery, from whence with their Engines they Jhot Stones of 
three talents Weight, and at the fame time a Spear or fcevelin of it. Cu- 
bits in Length, to the Difance of a Furlong, This is very wonderful, and 
almoll incredible j but I fear I begin to tire you with this Subjcdl ; and 
indeed, I think, I have here faid enough, to inform you of the Weights 
and Diftances which the Balijia formerly carried, and to fhcw that the 
Things (hot from them were very near equal to our greateft Grenada's 
or Bombs, and if I had affirmed them to have been much larger and 
heavier, I believe I fliould not have exceeded the Bounds of Truth. 
We ffiall take a proper Opportunity of treating at large on the Ufes 
and Conveniencies of thefe Machines, where we fhall make it appear, 
that it would be very proper to introduce them into Modern Pradlice 
with our other Engines. 



CHAP. II. 

6?/* Bombs and Greoado’s that are ufually projeBed from 
Mortar-Pieccs. 

T F We confidcr the greater Sort of Grenada's in point of Form, we 
lhall find them to be of two Kinds, {viz.) Round, and Spheroidi- 
cal j which lafi: we commonly call Bombs. Though Boxhornius, in his 
Hiftory of the Siege oi Breda, calls thofe alfo Bombs that are of a Sphe- 
rical Form j for he mentions them in thefe Terms, after having de- 
Icribed the Hand-Grenado' s. Bombs of the largejl Sizes that were one or 
two Foot Diameter did the fame Execution, F’hey were Jhot into the Air 
from Engines, and fell upon the Places they were defigned for. But if I 
am not miftaken, he here confounds the Grenada's with the Bombs j for 
he in another Place fays as much of Grenada’s as he does here of 
Bombs, (viz.) Fhey were obliged to ereB Batteries at various Difances 
from the Counterfearps ', according as the Exigence of Affairs required^ 
either to cover their People, or fop the- Sallies of the Enemy, to ruin their 
Machines, demolijh their Batteries, and difmount their Cannon. L'hat up- 
on the Batteries they ereBed, they mounted more or lefs Artillery with Jbme 
of thofe Machines (meaning Mortars) from whence they Jhot Grenado’s, 
which burned and threw down every thing within their Reach. (He then 
diftinguifhes thefe from the Hand-Grenado’ s, by faying) That the lighter 
and leffer Sorts were thrown by the Soldiers. As an Hiftorian, I do not dif- 
approve of v/hat he here faysi (the true Knowledge of thefe Matters be- 
ing referved for PyroboliJisJ I ffiall only obferve that moft Pyrotechni- 
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dam call thofe Balls that arc Hollow and Spherical, Grenada' and 
that thofe which are Longifti and Oval, they call Bombs. 

Fig. 1 1 3. You have thefc round Grenada's reprcfciited in Fi^. 1 13, and the long 
Fig. 1 14. ones in Fig. 1 14. 

To thefe two we have added a Third of a Cylindrical Form, which 
Fig. Ilf. you have in Fig. 115; it has a firm Tompion beneath, which fetvcs to 
prefs down and confine the Powder in the Chamber of the Mortar^ in 
the fame manner as the Tompions which are commonly ufed on thofe 
Gccafions do. It is not long fince thefe Grenada's were put in Execution 
for fome of*thofe who were pre/ent at the memorable Siege of Rochelle, 
in the Years 1627 and 1628, by Louis XIII. King of France and Na- 
varre, have related to us the ftrange Havoc they made, and how 
greatly they annoyed the Befieged : All which was afcribed to the great 
Knowledge and Skill of the worthy Henry Clarmer of Noremberg j to 
whom no Body can deny one of the firll Palms, defervedly bellowed on 
the Heroic Warriours, who wrought fuch Wonders at that remarkable 
Siege, without doing the leaft Injuflice to the Merits of Pomponius ^ar- 
gon, who was at that time chief Engineer to his moll Chriltian Ma- 
jefty. 

But there have been fome odd-tumed Spirits, who have had Impu- 
dence enough to rob thofe great Men of the Honour they atchieved in 
the Condu<^ of fo long and fo laborious a Siege, and who have endea- 
voured (urged by an unaccountable Envy) to afcribe to themfelves what 
was due to thofe illullrious Pcrfons ; and they have fo far gained 
their Point, as to infinuate a good Opinion of themfelves into the Cre- 
dulous and Ignorant, who efteem them to be in Reality what they only 
are in Appearance : But a time will come when they will receive a Cha- 
llifement adequate to their Unworthinefsj for Divine Juftice leaves no 
Crime unpunilhed, and will certainly take Vengeance of them for their 
fraudulent Dealing y in fo ungeneroufly afluming that to themfelves, 
which had been purchafcd by others at fo dear a Rate. But let us re- 
turn to our Subjed, and confider after what manner we are to propor- 
tion, prepare, and ufc the two Firll Sorts of Grenada's. 

There are thofe who allow the Thicknefs of Metal, for Iron Grena- 
da's and Bombs, i, or h of their Diameters. The Vent ought to be 
I, as well for thefe as Hand-Grenado's. Near the Vent they have two 
Ears or little Handles, by which they arc lifted into the Mortar. 

The Fuze of the faid Grenada lhall be i of its Diameter in Length, 
though fome Pyrobolijis allow it but » only. Its Diameter at Top fliall 
be y or |y, but beneath it lhall be but i only. The Depth of the Con- 
cavity in the Fuze lhall be h of the fame Diameter, as uliialj you 
Fig. ii6.have this Fuze reprefented in Fig. 116. But the whole Myllery is to 
know of what Dimenfions to bore the Fuzes y for there is a certain li- 
mited Time, at the Period of which the Grenada is to perform its Ef- 
fed, according to the Dillances of Places, and according to which the 

Mortar 
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Mortar is elevated to different Degrees of the Qijadrant. It is more- 
over neceffary to know with what Compoftion the Fuze ought to be 
filled upon different Occafions, that the Shell may not break till it is ve- 
ry near the Ground. But as this is an improper Place to dwell upon 
thefe Particulars, which bear an immediate Relation to the Artificial 
Conftrudion and Ufc of our W arlike Machines^ I fhall refervc what I 
have to fay of them for Second Book of the Second Part of our Ar-- 
tillery, where I fhall in the mod: ample manner difplay the Conftrudtion 
of Mortar-Pieces^ their Properties, and particular Ufes: A^jd if it be the 
Will of Heaven, I fltall produce fufficient Arguments in Behalf of eve- 
ry thing I lay down, and fhall make it my utmofl endeavour by no 
means to deceive our diligent Pyroholiji : But let us proceed to the Se- 
quel of this Effay. 

Thefe Fuzes fhall be re-inforccd without, with dried Sinews, fpread 
out like 'Fow, then deeped in hot Glue ; and within them you ihall 
flick feme Threads of ^ick-Match here and there, for fear the Fuze 
fhould unluckily go out, by the Violence of the Wind or Air during the 
Flight of the Bomlt : In fhort, the Fuze being filled with a futable Com- 
pojition (fuch as we gave in the foregoing Chapter) you fhall drive it into 
the Vent of the Grenada or BomB^ which mufl be filled with good Corn 
Powder^ in the fame manner as we dircdled in reference to Hand-Gre- 
nado’s, 

Obfcrve here, that you mud: never ufe a Shell till you have tried whe- 
ther it be found and whole, which you may know by the following 
Proof : Bury your Shell under burning Coals to make it red-hot j and 
having acquired that degree of Heat, take it from under the Fire, and 
pour cold Water into it before it is cooled, and flop up the Vent, to 
prevent the Water from getting out; then indantly anoint the whole 
Convexity of the Shell with Butter of Antimony^ or with Soap moi- 
dened with a little hot Water j if it is cracked or defective in any Part, 
you will fee little Bubbles, or Blifters, rife, fall, and difappear by turns. 

If you perceive any thing of this Nature upon the Surface of your Shell, 

I would have you throw it afide if you have any better, as both ufelefs 
and dangerous : But if the Situation of your Affairs obliges you to ufe 
fuch, for want of better ; you fhall take particular Notice of the Cracks 
or Flaws If they are vifible, and if nor, you fiiall remark thofe Places 
where you faw the Blifters rife; or if they are little Holes that are con- 
fpicuous, you may flop them with Steel Nails. This done, coat your 
Shells over with Tar or Pitch, or fome of our Pyrotechnic Cement then 

cover them well with Tow fteeped in the fame Stuff, the Compofition of 
which we gave in the above Chapter. Finally, wrap them tightly round 
with a ftrong Cloth. You muft exadlly obferve thefe Particulars with- 
out omitting the leaft thing in the World j for fear the Grenada fhould 
meet with any Accident from the Fire of the Fuze during its Flight. 
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You may find the Requifite of Powder for projeding your Grena-- 
ddSi by what I am now going to fay : But firft of all it will be neceflary 
for me to tell you, how to come at the Weight of a Grenada^ purely 
by the Aflaftance of an Arithmetical Calculation^ and by means of our 
Calibre Scale^ which is the moft ready Step towards finding expedi- 
tioufly and certainly the Q^ntity of Powder requifite to fhoot out your 
Grenada. This you may work after the following manner. 

Take the Diameter of a Grenada^ and apply it to that Side of the 
Calibre Scale is defigned iov Iron Bullets i and confequently one 

Foot of the Compafles will fall upon a Number, anfwering to the 
Weight of the Grenada if it was folid. Set down this Number upon a 
piece of Paper, or at leaft take care to remember it. Then take the Dia- 
meter of the Cavity of the fame Grenada^ and applying it in like man- 
ner to the Calibre Scaky one Foot of the Compafles will point out a 
Number exprefling the Weight of that Cavity if it had been folid, and 
of Iron. Then fubftradt this lafl: Number from the firft, and the Re^ 
mainder will give you the Weight of the Shell of the Grenada. 

If you (hould meet with a Diameter which extends beyond the Length 
of the Calibre Scaky you flial| apply the Half of it only to the {kid 
Scaky and the Number it reaches to being multiplied by 8, the Pro- 
dud: will give you the Weight of the whole Grenada had it been Solid. 
As for Example ; be there given the Diameter of a Grenada that cannot 
be meafured by the Extent of the Calibre Scale j the Half of which be- 
ing applied to the {aid Scale reaches to 1 8 : This Number being multi- 
plied by 8 will produce 144, which would be the Weight of the Grr- 
Tiado had it been folid : Then taking half the Diameter of the Hollow 
or Cavity of it, and applying it to the Calibre Scaky fuppofe it to ex- 
tend to 7 : Let this Number be in like manner multiplied by 8, and it 
will produce 56. In Ihort, this laft Number being fubftraded from 
144, you will have a Remainder of 88, for the Weight of the Shell of 
your Grenada or Bomb. 

You will find the Quality of Powder necelTary to fill your GrenadOy 
if you meafure the Cavity of it with a certain Line or Scale of Powdery 
Stereometric ally divided into Pounds and QunceSy fuch as you fee diftin- 
Fig- ii7.gui{hed by A in Fig. 117; upon which the Number which falls under 
the Foot of your Compafles, will exprefs the Number of Pounds or 0 ««- 
ces of Powder which the Cavity of the Grenada is able to contain ; add 
now this Weight of Powdery to the Remainder of the laft Subftradtion, 
which gave the Weight of the Shell, and you will have the whole 
Weight of the Grenada when filled with Powder. I will now inftrudt 
you in the Conllruftion of this Scale. Fill fome perfectly round Gre^ 
nado with Com Powder up to the Vent, then pour it out again, and 
weighing it, fet down what it weighs. Then meafure the Cavity of 
the faid Grenadoy and divide the Diameter of it Stereometrically into as 
many Parts as the Powder contains Pounds or Ounces ; This you may 

readily 
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readily do by obfcrving the Rules in our Firft Boe^j and upon fiieh a 
Scale you may mark out the Diameters of fcveral Pounds y or ()UnCcs 4 il 3 i 
Pound, or half Ounces if needfiiL 

But if you fliould not have Grertadds juft at hand, whereby to forM 
this Scale, get an hollow Wooden Cylinder of what Size you pleaio 
equal in Height and Breadth, and filling k with (htn Powder, pour it 
out again, and weigh it. Now as every Cylinder that contains a Sphere 
is in a Sejquialteral Proportion to it, according to Archimedes : Therefore 
muft you fay as 3 is to 2, fo is the Weight of the Powder contained in 
the Cy finder, to the Weight of that whkh would be held a Sphere, 
included in the fame Cylinder. This donci you Will' haye a Number hk 
your Quotient anfwering to the Weight of a Gloire bf Powd^, fuppofing 
the Diameter of fuch a Globe to be equal to die Height and Breadth of 
the Cylinder. This may be done by any Body, that is never fo little 
skilled in Geometry. 

Sometimes Pyrobolijis, by way of Diverfion or Experiment, fill Grena- 
do's with Sand, thereby to come the more eafily at their true Weight i 
Which done, they put them into Mortars, and taking their Sight at 
Marks at certain Diftances ; they fooot them off, and obferve their Falls ; 
Upon which Account it is ncceffary to know the Proportion which the 
Weight of Sand bears to that of Powder. For my part, I have often 
experimented that very Fine, White, Dry Sand, bears fuch Proportion 
CO fine Corn Pijiol-Powder as 144 does to 83, Upon this Fouridetion 
I have formed another Scale which you fee diftinguiftied by B fpr Fig. 
Globes of Sand. By this Line you may know how many Pounds of Sand 
would fill each Grenada. But if you would take only juft fo much Sand 
as is equal in Weight to the Powder which fills the Grenada (in which 
Pyrobolijis arc very exadt) you muft find out the Quantity required by 
means of the proportional Numbers above : But that Ratio will not al- 
ways obtain j for the Weight both of Powder and of Sand may be infi-» 
nitcly varied; for as the Ingredients of Gun-powder are mixed a thoufand 
ways, you may readily llippofe that it differs much in Weight; and on 
the other hand, the feveral forts of Sand are infinitely unequal in point 
of Gravity : But thofc who arc defirous of being perfedt in our Art, 
will have the Patience to examine the Gravity of different Sorts of Sand. 
Having foewn you the way how to come at the Weight of Grenada's 
filled both with Powder and Sand (as I propofed) without the help 0^ 
any weighing Inftrument ; I foall advance farther on. 

Now this Weight being found, it will be very eafy to find the Requi- 
fite of Powder for charging your Mortar. But to fay the Truth, this 
is a Point which cannot well be determined ; for Pyrobolijis change, and 
vary it very often, as Occafion requires ; being obliged fometimes to take 
more, fometimes Icfs Powder, according to the Diftances of Places. Moft 
commonly they take half an Ounce of Powder for every Pound that the 
Grenada weighs; and in fome Cafes they take but a Quarter of an 
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Of the Great Art of Artillery. Book IV. 

OuncCy and at other times but i of an Ounce^ and fometimes Icfs, parti- 
cularly when they would prqjcft their Grenada's fo as not to be above 
4 or 6 Seconds at moft before they fall at perhaps the Diftance of lo or 
1 5 Paces, and in their Projection borrow more upon a ftrait Line than a 
Curve. This is ufually done when the Befieged fee the Enemy pre- 
paring to make their Galleries, or perceive them obftinately bent upon 
paffing the FoJ?y by any other means, in order to gain the Foot of the 
Rampart ; it is then that the Ufe of Mortars^ Grenada's and Bombs is 
not forgot. I muft own however, that the fame thing may be done with 
a greater Quantity of Powder j but then it would be attended with this 
Inconveniency (namely) That the Grenada projeCled with the 

greater Violence, it would be obliged to go through a greater Space, 
and confequently remaining longer in the Air, it would give thofe who 
fee it, time to get out of the Danger of it before it can fall. I muft al- 
fo remark, that you may throw Grenada' Sy Bombsy &c. at feveral Di- 
ftances with one and the fame Quantity of Powder -y by means of the E- 
ievation of the Piece above the Plane of the Horizony and alfo by the 
Declination of it from the Vertical Point or Zenith to an Angle of 45 
Degrees, which Pofition is the moft natural to Mortars. This may 
not be an improper Hint j for I am really of Opinion, it would be 
by much the beft and moft certain ( were it not for fome infur- 
mountable Difficulties and Circumftances which oppolc it ) to take cer- 
tain Q^ntities of Powder in proportion to each Diftancej by which 
means the Machines being elevated but a few Degrees above the Hori^ 
zoHy would always have their Pofition very low, which would be never, 
or very feldom changed. However as this cannot be eafily praCtifed, or 
indeed not at all, for every Diftance j yet methinks I would have the 
great MachineSy whofe Elevations borrow the neareft upon the Vertical 
Point, and which are ufually chofen for the fliorteft Diftances, deprived 
of a little of their ufual Requifite of Powdery and in Recompence for 
that Lofs, inclined a little more to the Horizon. 

But not to ft op here, and that we may conclude upon fomething cer- 
tain with regard to the Requifite of Powder j I have eftabliftied and 
afeertained a Quantity, that may generally fpeaking diflodge the Mili^ 
tary ProjefHleSy be their Weight what it will : In order to this, I have 
conftrudled a little Tfable of Requijites (which we ftaall dwell more parti- 
cularly upon in the Second Fart of our Artillery) which I hope may be 
fuccefsfully put in Pradice. I fay it will be fufficient if for Balls or 
Bombs of great Weight, as 3 00 lb or more, (if there arc any fuch,) you 
take half an Ounce of Powder for every Pound. This Proportion may be 
obferved for ProjebHles down to 100 lb ; But from 100 lb to one If , 
you ftiall increafe every Qujntary that is every Fifth Number with 
Grains j fo that you may have 588 Grains of Potfdery which are 2 Loths 
and 12 GrainSy to projed a Ball of one lb. Upon this Foundation I have 
calculated a little 7 ‘able of Proportiony from 100 lb down to one lb. 

There 
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There is nothing that can be more plain or eafy than the Uic of it } for 
you need only multiply the Numbers of the Column B by tlie Num- 
bers of the Column A, and divide the Products by 288 in order to have 
the Requifite Number of Loths j (for a Loth contains juft that Nurhber 
of Grains'^ which Number of Lotbs being divided by 32, you will have 
tht Pounds: But that you may have a perfedt Apprehenfion of this, 1 
fhall illuftrate it by an Example. Suppofe you have a Ball of 80 lb 
which you would projedl : Look firft for 80 in Column A j and having 
found it, multiply it by the oppofite Number in Column B by 
34.8, and you will have a Produdt of 27840, which will be the Number 
of Grains of Powder \ which being divided by 288, will give 96 Loths 
8 Den. in the Quptient j each Denier 24 Grains. In ftiort, thefe Loths 
being divided by 32, will give 3 lb. You muft then take 3 lb and 8 
Deniers of Powder to charge the Chamber of the Mortar^ from which 
you would projedl a Body weighing 80 11. 

The following Liable will help you in the Difficulties which may oc- 
cur in this Cafe j provided that you have a right Conception of this Ex- 
ample. 



A Table of Requtjiies ^Gun-Powder* 



A B 

100 - -- -- -- -- 288 

95 303 

90 -318 

85 333 

80-------- - 348 

75 363 

70 378 

65 393 

60-------- - 408 

SS 423 

50 438 

45 - - - 453 

40-------- - 468 

35 4B3 

30 498 

25 5^3 

20-------- - 528 

»S 543 

1° 558 

5 573 

J - . - j88 
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OBSERVATION I. 

To every Number between the Qvjintarles of this l^able^ you (hall 
fucceffively add 3 Grains for every Pound. This done, multiply the 
Sum of that Addition by the Weight of the ProjeSiile. As for Ex- 
ample, if you meet with one that weighs 82 tb, you will find it lefs by 

3 than 85, the fuperior Qmntary of the T“able ; having then added 9 
(which is 3 for each Pound) to 333, you will have 342 j this 342 being 
multiplied by the Weight of the ProjeBile which is 82, the ProduiSb 
will be 28044; which being divided by 288, you will have 97 Loths^ 

4 Deniers and y. 



OBSERVATION II. 

The Rule here laid down for the ProjeSiiles which are Ihot from 
Mortars ought to be followed as univerfal and immutable : But at the 
fame time Allowance muft be made for the different Strength of Pm~ 
der ; inafmuch as one Ounce of fome fort of Powder will do twice, nay, 
ten times the Service as an equal Quantity of fome other Sorts; and 
confequently one Ounce of the former will be as flrong as 10 Ounces of 
the latter. But I leave this Article to the Confideration and Judgment 
of good Pradtidoners ; and lhall go on to the loading of our Mortars. 

Suppofe now, you have the Requifire of Powder for projedting a Gr^- 
nado from a Mortar : You fhall in the next place mcafure the Height 
and Breadth of the Chamber by means of a Cylindric Scale^ or rather a 
Cylindro-metric Scaky divided Cubically, and adjufted to the Weight of 
Fig. ii'j. Gun-powdery fuch as you fee in Fig. 117 in the Letter C. Now if it 
happens that your Chamber is equal in Height and Breadth, you may 
conclude that it holds as many Pounds of Powdery as the Number it 
cuts upon your Scale contains Unities : But if on the contrary its Height 
and Breadth are different, you muft find out a mean Proportional be- 
tween them, which may give you the true Capacity of the Chamber. 
If thefe Numbers fhould happen to be Surds, you may find out a meaa 
Proportional between them by Lines much better than by Numbers. 

If the Chamber of your Mortar is bigger than necefiary ; firft put 
your Powder into the Chamber, and meafure the Vacancy of it above 
the Powder : Divide this Into 6 equal Parts, and add | to its Height ; 
and you will have the true Height of a Wooden Tomplon; by which 
the Powder In the Chamber will be fufficiently compreffed, fo that the 
Flafh will have no room to expand itfelf, and will confequently adl with 
its full expulfive Vigour : But if on the contrary the Chamber of your 
Mortar is too little to hold the Requifite of Powder ; divide the Height 
of it into ro equal Parts, and fill it up with Powder to and ram it 
with a Toinpion of L. And in this C^e the Rule we have given above 
can be of no Ufc. 
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You niuft proceed after this manner when it happens that your Pow- 
•der fills your Chamber fo exactly as to leave no room for a Tompion ; 
but you will be better inftrudled in every thing relating to this matter 
by the Sequel. 

The Wooden -f* Tompions for ccrifining the Powder in the Chambers 
of Mortars are prepared after different Fafhions 5 for if you would fix 
your Grenado in fuch a Pofture as to have its Fuze turned outwards to- 
wards the Muzzle of the Mortar, and if you would projedt it by one 
Fire only, your Tompion ihould be fluted like a Pillar, as you may ob- 
ferve in Fig. 118 by the Letter Aj Or pierced through with Holes atl 'S- 
Top which terminate in a large one at Bottom, as may be obferved in 
B. I muft here remark, that it is by much the fafeft Way, to proje« 5 l 
your Grenada s by means of one Fire only j in doing of which you are 
to obferve the following Order. 

After having loaded your Chamber with the Requifite of Powder, 
and driven the Tompion upon it, fo as in no degree to furmount the 
Edge or Rim of the Chamber j you fliall fill up the Holes in the fa id 
Tompion, or the Flutings round it, with good Meal Powder, and fait it 
over with a good handful of the fame j then wrap up your Grenado in 
a Felt, or a coarfe Woollen Cloth, well foaked in Itrong Brandy, mixed 
with Meal Powder j this Coat or Covering fliall be open at Bottom, of 
the fame Breadth as the Orifice of the Chamber. This done ; fix your 
Grenada in the Mortar in fuch manner aS to bear upon the Tompion. 

The Fuze fliall be well garnifhed round, with fomc of our loofe^/V/S 
Match 'y and the whole Body of the Grenado fliall be well falted over 
with Meal Powder, to facilitate the Accenfion of the Fuze. 

This is the firfl; Way of projedling Grenada's from Mortars with one 
Fire only. The Second does not differ much from it, excepting that it 
is much the more dangerous of the two j for here the Fuze is turned 
inwards upon the Chamber ; and in this cafe you muff have a Tompion 
with an Hole in the Middle of it, and divided into 4 equal Parts by 
means of two Diameters interfering each other at Right Angles, as you 
fee in Fig. 118 by the Letter C. However I would by no riieans have 
this prarifed for ordinary Grenada* s : But I would have them ordered as 
you fee inFig. 119, where the Vent and Bottom are turned into Fe-Fig. 119. 
male Screws, which fliall have an Iron Fuze with a Screw at Top and 
Bottom to be inferted into them, as may be feen in A : But I mull tell 
you that thefe Screws cannot be too nicely fitted to each other. 

If you would rather chufe to projedl your Grenado by means of two 
Fires, you fliall have a folid Tompion. This Tompion being driven 
into the Chamber, you fliall cover it with a frefli green Gazon or Turfj 
or fomething of that kind, which fliall be covered with a round Board 
of 2 or 3 Inches thick, but a little Icfs in Diameter than the Calibre of 



f Thefe Tompions are found to be ufelels. 
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the Mortar (fee Letter D.) To conclude, you fnall fix your Grenada up- 
on it with its Fuze turned outwards, and cover it with z Gazon-y after 
having fluffed the Vacancy between the Shell and the= Mortar ail round 
with Hay, Straw, Tow, or Mold, to keep the Shell fixed and firm. 

Fig. 120. This laft Method is very particularly reprefented in Fig. 120, to which 
I refer you, if you do not apprehend my Explanation. 

COROLLARY. 

To tell you now who firft invented, or who firft pracSifed this 
dellrudive Contrivance, which has been promifcuoufly the Ruin of 
fuch Numbers of Men, and the Overthrow of fo many of the moft 
beautiful Buildings, moft magnificent Cities, and ftrongeft Walls and 
Fortifications in the V/orld, is a Task unequal to my Knowledge ; for 
we do not find the leaft Mention made of the Perfon in any Hiftory. In- 
deed in fevcral reputable Authors we have an Account of the Times and 
Places, when and where this infernal Invention was firft put in Pra- 
dicej the Teftimony of whom I fhall here infert, notwithftanding tliat 
they differ pretty much from one another. But as to the Inventor him- 
felf, we do not find the leaft Mention made of him j which I cannot 
help being furprized at, fince it feems to be a very great Iiijuftice to 
Pofterity to conceal the Name of fo great an Engineer from it. In 
truth, I know not what to fay or think of fuch a Procedure, and 
fliould be glad to know whether it was thro’ Chance or premeditated 
Defign, that the Writers of thofe Times have left us in tlie dark as to 
this Matter : But every one may judge of it as he pleafes, for my parr, 
I can only here entertain fuch as are wholly Strangers to the Hiftory of 
this Invention, with what can be gathered from the Teftimony of feve- 
ral Authors. Tbuanus fays, 

•f* All the Straf agents of the Duke ^Parma before Bergen op Zoom 
proving ineffeSiuaJy and defpairing to carry it, and conf dering that the 
Seafon was very far advancedy and that the Low Country was almojl over- 
flowed } and finding that the Garrijims of the Ifland of Tretole, by their 
continual Excurfions and Depredations^ made Provifions very fcarce and 
dear in bis Army^ he refolved to raife the Siege, and fend his People into 
Wittier ^artersy and accordingly he difiributed fame of his Troops in Tu- 
renhalt, Rofendal, and the Country of% Campen, and fent the reft to join 
the T roops which were under the Command of Prince Erneft Mansfelt at 
the Siege ^Bon, to block up Watchtendonck, which is an ancient Ttnvn 
of the j| Sicambrians, fituated upon the Niers not far from the City of 
Gueldrcs. This was done, at the earnefl Entreaty of the Xnhahitants 
of Ruremond, wht begged to be delivered from -the troublefome Excur- 



f Thu. Lib. LXXXIa. Pag. a6j. A. D. i^lS. This is now moft commonly called Zutphtn. 
II The People GehUilmd were anciently fo called, and the Country itfelf was called .'i- 
(timbritt. 
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Jtons of the Robbers {it was thus they called the Soldiers of the neighbouring 
Garrifons.) Towards the end then of October the Place was invefed^ un- 
der the ConduSl and Command of the Mansfelt. The Pioneers 

advanced and raifed Batteries of Gazons or Sodds, upon which they mount- 
ed their Cannon, which played upon the Town till they threw down the Roofs of 
the Houfes, and all the lofty Buildings in it. But they did not only (lays he) 
ruin them with their Cannon, but they alfo galled them with Grenado’s and 
Balls filled with combufiible Matter, which they Jhot among them with cer- 
tain Engines, fo that the poor People could hardly find Safety any where ^ 
from the horid Tempeji which was Jhowered down upon them. He adds. 

That thefe Balls were made hard by, at a fmall Town called Venlo j and 
that the Inventor of them, refohing to make Proof of his Work, at the Ce- 
lebration of a Fejiival defigned for the Entertainment of William the 
young Prince of Cleves, he had no fooner fet Fire to them, than they had 
an Ffi'eB quite contrary to what he intended -, for the Town was fired by 
them, and was very near half defiroyed. A melancholly Diverfion ! 

This Author has hitherto pretty well informed us of the Place where 
our Miffive Thunder was invented, and of the Time it was firft put 
in Execution. But another Writer, who equally deferves our Credit, 
(namely) Reidanus, who has left us the Hillory of the Low-Country 
Wars in Latin, feems to be of a quite contrary Opinion as to this Point. 

He fpcaks thus : * 1 * Adolphus Nivenarius, Governor of Guelders, re- 
folved to keep up the Scarcity of Provifion as much as he could, and to 
fiarve the Inhabitants of Bergen, if pojjible. But unhappily as he was 
proving his Bombs, with which he had determined to dejiroy the Enemfs 
Ammunition, be was greatly afionijhed, to find that upon being fired they blew 
up the Arches and Vaults of the Cajile of Harncm, together with fever al 
other fine Buildings. A brave Ofiker called Denis, and another Gentle- 
man, perijhed by this Accident : And the Earl himfelf could not efcape the 
Fire, for being cruelly burnt, he died a few Days after. AJmofifuch ano- 
ther Accident happened the Tear before, (he means 1587) at Bergen op 
Zoom i but of a more extraordinary nature. A certain Italian who de- 
fertedfrom the Duke ^ Parma, fled to the Confederates, to whom he pre- 
tended, that he had an admirable and un-heard ^Invention for preparing 
hollow V ejfels and Globes of Iron and Stone ( fure this was a thing impra- 
cticable, and I believe every Pyrotechnician will think it impoffible to 
contrive fo as to make Stone effectual in luch Works : But he goes on) 
which might be eafily thrown among fl the Enemy', where they would 
do mofl terrible Execution by Thoufands of Splinters, which would fly from 
them in burjling, and befides, that the leaf Spark of them would infallibly 
fet fire to whatever they touched. But the Infant that our Grenadier was 
bufied in carrying on his Projeli, a Spark of Fire unfortunately fell upon 
the Table where he had prepared his Compolition j and as he was going 
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hajiily to take it awa)\ the Fire ('u)bich lofes no time) got hold on his Hand. 
Hey ajlonijloed to fee a Glove of Flame upon his Handy and not knowing 
•what to do to get rid of ity clapped his Hand between his Thighs to fife ity 
but far from being fupprefed it laid hold on his BreecheSy and from thence 
penetrated to his Thighs : In a Wordy his Hatid was infantly fript of both 
Skin and Fief). Vinegar proved ineffeliualy and infead of extinguifing 
rather increafed the Flame j to conclude y the Fire fpreading over the ref 
of bis LimbSy the unhappy Man expired in lefs than three DaySy after hav- 
ing fupf ere d the mof fever e Pains without Intermifjion or Relief 

To the Teftimony of thefe two grave Authors, I fhall add that of a 
Third, whofe Fidelity is unqueftionable, I mean Famianus Straday who 
fpeaking of the Low-Country Wars, writes to this Effedl, •f- There was 
nothing which more afonifed the Enemy (he here means the Attack of 
Mansfelt at Wachtendonck ) than certain great Brafs Globes hollow withiny 
which were filed with Powder and Sulphur, and other inextinguifabk 
Things -y which were fot from great Mortars, with little ij; Ropes in a 
/mail HoUy which by their Weighty and Violence of their Fall y threw down 
the greatef part of the Buildings -y and what is the mof f range of ally when 
they were lighted their Flame caught hold on every thing within its reachy 
with JUch Obfinacy that no Water could extinguif it. Theje Globes, which 
gave the firf Hint to the Invention of Grcnado’s, Fire-Pots, and fuch like 
Infruments of Heathy were invented (as we are told) by a Man at Venlo a 
little before the Siege of Wachtendonck ; though he happened to be the He- 
ftrublion of his own Town : For upon a Hay that the Inhabitants of Venlo 
made an Entertainment for the Huke of Cleves, this confummate Artift mak- 
ing Experiment of his new Invention to divert that Prince, fot off one of 
themy which fulling upon a large Buildingy broke down through it from 
Top to Bottomy and fitting it in a BlazCy the Fire ran over all the Neigh- 
bourhoody fo that tn a very little time two Thirds of the Town were laid in 
Afes. I know a certain Author ( he means Reidanus) who in his Hiilory 
relates fometbing of this Kind to have happened a Month or two before at 
Bergen op Zoom, to an Italian Deferter, who was going to make an Ex- 
periment of one of tkefi Balls. This Renegade promifed the Confederate 
States to make certain hollow Veflels or Globes of Iron or Stone y which be- 
ing kindledy and thrown hito befeged PlaceSy foiild fit Fire to whatever 
they could reach 'y after havmg broke into a thoufand pieces. But by a f range 
IVii/laap, a Spark of Fire fell upon the Compofition be had prepared for 
Globes, and the Flame of it caught hold on him in fo frightful a manner y 
that fpreading all over him from one Limb to another y he died mofi mifira- 
hlyy after having undergone the mofi exquifite Torment y and left it doubt- 
fiily whether or no he would have come up to what he promifed. But 
Imuever that might bey it appeared that tbofi Venlovian Engines an- 
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Jhvered very well to the Furpofes of Mansfelt 5 for with them he commit- 
ted fucb mercilefs Ravages^ demolifed fo many fne Buildings^ and killed 
fucb vajl Numbers of People in the Places he befegedy that the Inhabitants 
could hardly find Shelter from the Tempeft, which continually purfued them 
whe-re-ever they wenty though they retired to Cellars and the mofi fubterra- 
neous Retreats. St he Burgejfes of the Town at length confidering that this 
Storm of Iron and FirCy threw them into the utmofi Confufiony and perceiv- 
ing that it defnolijhed all their Habit ationSy and that they Jhould infenfibly 
lofe their Countryy refohed to go in a Body to Landteir their Gover- 
nour, to befeech him to take fame Meafures towards the Prefervation of 
their Lives and Fortunes, and to dejire him to refiedi ferioufiy upon their 
unhappy State. Upon the whoky they alledged that they were utterly de- 
firoyed by degrees \ that they had but few Buildings left fianding j and ad- 
dedy that if the Enemy continued to ply them with their Grenado’s, it 
would be impojfible for them to fubfifiy or make any farther Refifiancey ex- 
cept they built a new Watchtendonck under Ground, as they bad already 
begun. 

I muft confefs that what I have quoted from this Author, is a 
little foreign to the Point in hand : But he has exprefled himfelf 
in fo moving a manner of this dreadful Contrivance, that I could 
not help tranferibing of him at length. It is from hence that the skil- 
ful PyroboUfl may draw Conclufions in favour of thefe Weapons ; it is 
from hence that he may perceive the Neceffity there is for them in the 
Attacks of Places in our Times ; in fhort, it is from hence that he may 
judge of their great Utility to the Befiegers, by compelling the Bcfieged 
to a fpeedy Capitulation, by expediting the Surrender of Towns and Ci- 
ties, and diftreffing thofe that are the moft obftinatcly bent upon de- 
fending themfelves. 

Here I Ihould clofe up this Corollary y as knowing that what I have 
quoted from thefe famous Hiftorians has fully anfwered my Intention, 
which was to give an Account of the Origin of our Grenadds. But 
fince in this Work I adt the part of a Pyrobolifiy I think myfelf obliged 
to clear up every thing that may be obfeure in relation to the Pradtice of 
our Arty for the Benefit and Inftrudlion of thofe who particularly ap- 
ply themfelves to the Cultivation of it. Let us then look back to what 
we quoted fi’om Famianus Strada, where he has feemingly deferibed the 
Form, the Properties and Effedls of our Grenada's j and let us ask him 
what he means by the Fire-Pots, Grenado's, &c. which according to 
him derive their Origin from the hollow Globes he fpeaks of, fince his 
Defer iption of them agrees fo nearly with that fort of Arms which are 
now in Ufe with us. If he anfwers, that they were a fort of Balls, 
which in his Time were called Bombs’, (which Word I know is promif- 
cuoufly ufed to this Day ) I flvall reply, that the Word Grenada would 
have fuited better with them, as being a more general Term. If on 
the other hand he alledges, that the little ones, which wc call Grenada's, 
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are Defcendants of thofe great Balls j his Affertion will in fome degree 
be falfely grounded j for I fufficiently demonftrated in the foregoing 
Chapter, that the ancient PyrohoUJis were acquainted with the fmall 
Grenada's^ confiderably before they knew any thing of the Great. 
Thofe who have the leifure, may upon this Subjedt confult Leonardus 
Fronfpergerus in the Second Part of his Military Art j which he dedi- 
cated to Rodolphus II, who was at that time newly cledcd King of Hun- 
gary^ and who was afterwards Emperor of the Romans in the Year of 
our Redemption 1573. But though I fhould grant that the lelTcr fort 
of Grenade’s were unknown to paft Times till after the Invention of the 
Greater, and that it was from Experience of the Nature of the Latter, 
that Men took it into their Heads to ufe the Former; yet I fhall never 
allow that the Military ■f Ollce or Fire-Pots are pofterior to the hollow 
Globes which he fpeaks of, as he would have us believe. But very 
far to the contrary, I dare affirm that our Grenada's arc derived from 
the Fire-Pots i and I make no fcruple to fay, that the Ollee of the An- 
cients were the Lightning which preceded our Modern Thunder ; and 
this I may fafely advance, fince I have the Teftimony of feveral great 
Authors, who lived in unfpotted Credit and Reputation amongft the 
Ancients, to fupport me in it ; from whom we may gather, that the moft 
expert Captains in former Days met with very fuccefsful Effedts in their 
Sieges and Attacks from Fire-Pots not very unlike ours. We have elfe- 
where touched upon this, and therefore fhall defift from it at prefent, 
referving it till we come more particularly to fpeak of Fire-Pots. In the 
mean time (dear Reader) let what we have offered be kindly received by 
you ; and affiirc yourfelf, that Artificial Pots arc of very old Handing, 
and that they are fo far from deriving their Origin from Grenada's or 
Bombs^ that it is more reafonable to believe quite the reverie. Pray 
hearken to what Sextus Julius Frontinus fays of the Fire-Pots of the 
Ancients. X Cneus Scipio, in a Sea Fight found out a ’way of throwing 
II Veffels full of Pitch and Pine-wood at the Enemy's Fleets which 
were as dangerous in their Fall^ becaufe of their Weight, as they were 
hurtful on the fcore of the Igneous Nature of the Matter they contained 
which was fpread abroad from them. Dionyfius fpeaking of the Fireworks 
which were ufed at the Battel of ABlium, between Augufius Cafar and 
Marc Antony, obferves, * 'That Caefar perceiving his Soldiers ’very roughly 
handled by Marc Antony’r Party, who cut them in pieces with their Axes 
and Swords, and galled them terribly with their mifiive Weapons, from the 
Advantage they had of being in taller and better-fortified Ships : He had 
recourfe to Fire, as the befi Remedy he could apply to the prevailing Evil: 
In Jhort, his Soldiers gathered round him, and began to throw Fire-Darts, 



f This is only a Latm Word which HgniHes a Fot of any fort, 
t Sex. Jul. Iron. Lib. IV. Cap. VII. 
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Brands Torches, together •with Pots full of Pitch and burning Coals 
at the Antonians, which fo annoyed them in their Ships (though they 
took care to keep as far out of Danger as they could) that the Czefareans got 
the better of them. ‘Thus what the Force of their Arms could not obtain^ 
they effeBed by Fire, and thus by means of that Element they triumphed over 
their Adverfaries. 

I could bring feveral other Authors to bear witnefs in Favour of tlie 
Fire-Pots of the Ancients : But I apprehend that thefe two will be fufli- 
cient to convince you of their Antiquity. Let us then proceed to the 
Conftrudion of feveral other Sorts of Grenado's. 



CHAP. III. 

Of Grcnado’s that are commonly called Blind. 

^T)TR 0 TEC HNIC IANS have certain Grenado's which ftand 
in no Neceffity of being lighted when they are projeded, from 
whence they are called Blind, which is a common Term amongfl; them, 
for luch Grenado's and other Balls as ftand in no need of being fired at 
the time of their Projedion : But as foon as thefe ftrike the Ground, or 
fall upon any hard Subftance, they have the fame EfFed as other Gre- 
nades. Fig. 12 1 reprefents one of thefe Grenado's, in which the Letter Fig. iix. 
A is the Grenado, hollow and pierced through and through, and 
which has on one Side another fmall Hole, for the fame purpofe as thofe 
in the other Grenada’s which we have deferibed above. 

Letter B in the fame Figure points out a Barrel or Tube, made of an 
Iron Plate, whofe Sides are full of Holes, and its Iniide made rough like 
a File. This Barrel receives two Flints which are ferewed tight in 
Contrivances like the Cock of a Gun-lock, which arc foldered to a fub- 
ftantial Iron Rod, as may be feen in C. Firft then, this Barrel muft be 
fixed in the Shell j its upper End paffing through the Vertex or Top of 
the Grenado where it is ferewed fall with a little fquare Plate of the 
Thicknefs of 2 or 3 Lines only, as you fee in G. The lower end of the 
Barrel which receives the Flints fhall reft upon a round Plate with an 
Hole in the Middle of it, as you fee in E, to keep it fixed in its Pofi- 
tion. Now the Iron Rod th’at has the Cocks of the Flints foldered to 
the upper End of it, fhall have its lower Extremity turned into a Screw, 
to fit a female Screw in the Middle of a large round Iron Plate, as you 
fee in D, which ferves for a Foot to the Grenado and all its Furniture, 
and upon which it falls when it comes to the Ground. 

The Letter H fhews you a Angle moveable Cock with its Flint, rea- 
dy to ftrike Fire, and mounted upon a Steel, which may ferve as well as 
the two former. 

p p p 
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If you would fee this Grenada as it is compounded of all its Parts 
when fee together, caft your Eye upon Letter K, where you will lee ir 
juft as I have deferibed it. You will moreover fee two finall Tails a- 
bove, to ferve it inftead of Wings, which are made of old pieces of 
Linen, drawn through two finall Irons, which are fattened to the Rings 
on each Side of the fquare Plate G ; the Ufe of them is to make the 
Grenada fall in a perpendicular Direftion upon its Foot or round Plate at 
Bottom. 

Now the Grenada falling in the abovefaid Direftion, the Flints in the 
Barrel will by the fiiperincumbcnt Weight of the Grenada be violently 
forced upwards, and confequcntly rubbing impetuoufly againft the 
rough Infidc of the Barrel, will ftrike fuch a Fire, as mutt accend the 
Gun-powder in the Grenada through the Holes in the Sides of the Barrel, 
by which means it will have the fame Effed as the former. 



CHAP. IV. 

Of Grenado’s that are /hot from large Caanoa^ 

T Shall now deferibe to you the fourth and latt Sort of Grenades ; 

(namely) thofe which are commonly ftiot from great Pieces of Ord- 
nance, to tear down Ramparti'- tiiA make Breaches, almott like thofe 
made by ordinary Mines^ though indeed not fo large or confiderable. 
Pyrobolijis have from time to time invented infinite Sorts of thefe, but I 
do not here undertake to treat of them all j I fhall therefore only dwell 
upon the mott ferviceable of them, and fuch as you may truft to, with- 
out any Danger of their fiiiling. 

SORT I. 

Of the numerous Clafs of thefe Grenada's, we fhall give the firft 
.place to that which we have reprefented in Fig. 122, which (as may be 
feen) is Spheroidical in its Form and hollow within. Its Fem is a Fe- 
male Screw, contrived exadly to receive a Male Screw, which is beneath 
a certain Iron Socket : Into this Socket you fix a round Fuze, (or if you 
will it may be multi-angular) whofe Sides fhall be bored all round with 
a pretty fine red-hot Needle, in an Oblique Manner, or at Acute Angles, 
all which Borings muft Center in the Hollow of the Fuze ; by which 
means all their little Orifices will be turned towards the Grenada. All 
thefe, as well as the middle of the Fuze, muft be filled with Meal Pow- 
der j and the hollow Screw of the Socket which goes into the Grenadoy 
fhall be filled with one of thofe Jlow Compactions, which have been given 
for the Fuzes of Grenada's. Upon this Fuze, and the Socket which re- 
ceives 
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ceives it> you muft fix four Wings, or more if needful, made of thin 
Copper or Iron Plates, cxadly the Length of the Fuze; As for their 
Breadth, it Ihall be fo ordered, that the Breadth of any two of them op- 
pofite to each other being added to the Diameter of the Fuze, tliey 
may conftitute a Right Line which is equal to the leaft Diameter of the 
Grenada j and confequently their Breadth muft be equal to the Diameter 
of the Fuze, which on the other hand muft be equal to a f of the 
Ihorteft Diameter of the Qrenado. 

The Length of the Fuze muft be fo nicely proportioned, that being 
fcrewed into the Grenada., it may be in exadt MquilibriQ with it. This 
JEquilibrium will be cafily found, if you recolle<ft what we faid of 
the fticking of Rockets, In fhort, to conclude with this, you ftiall wrap 
the Fuze well up in loofe ^ick Match, and fait it over with Meal Pow- 
der, and then put it into your Cannon. 

SORT II. 

In Fig. 123, you have another Sort of Grenado of this fame Species, Fig 123. 
which muft be prepared after the following manner^ You (hall take a 
common Grenado, whofe Diameter is a little lefs than the Diameter of 
the Cannon you would projeft it from. It muft be fixed upon a ^Vooden 
Cylinder, whofe Top is hollowed out in form of a Concave Hemifpherc, 
fo as exadlly to receive one half of the Grenado-, its Bottom muft be flat, 
but its Head (which we fhall mention hereafter) fhall be Conic. You ftiall 
bore an Hole lengthways through the aforefaid Cylinder, which fhall 
have a Communication with the Vent of the Grenado, and which you 
fhall afterwards fill with Meal Powder. The Length of this Cylinder 
fhall be 2 i Diameters of the Cannon : Then clap on the aforefaid Conic 
Head, the Diameter of whofe Bafe is equal to that of the Cylinder, and 
which muft alfo be hollowed out in an Hemifphere to receive the other 
half of the Grenado. In fhort, the Cone and Cylinder fhall be joined 
in the firmeft manner with Pitch and Glue : Whatever relates to this, 
may be cafily apprehended by the Figure. 

SORT III. 

You have the third Sort of thefe mFig. 124, the Conftrudtion of which Fig. 224. 
is very Ample ; You need only take a Wooden Cylinder as A, equal to 
the Diameter of the Piece it is to be fhot from : It is firft hollowed out 
beneath in Form of a Concave Hemifphere, fo as to be able to receive 
half of a Grenado asB, whofe Diameter muft be a little lefs than the Ca- 
libre of the Piece : The Top of it fhall be bored with feveral Holes, which 
fhall all tend towards the Vent or Fuze of the Grenado-, all which fhall 
l>c filled with Meal Powder to fire the Fuze. This done, the Cylinder 
and Grenado fhall be well bound together with ftrong Iron Wyre. In 

fhort. 
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ihort, it fhall be put into the Cannon with the flat End of the Cylinder 
towards the Powder. 



SORT IV. 

Fig. i2f. In Fig. 125 you have a fourth Sort of the fame Grenada' where the 
Letter D points out the Grenada itfelf. C is a Wooden Cylinder of the 
fame Dimenfions with the Third above j and has in the fame manner a 
Concavity to receive one half of the Grenada. E is an Hole bored 
through the middle of the Cylinder which correfponds with the Fuze 
of the Grenada^ and which fhall be filled with Meal Powder. B is a 
Paper Cartridge fixed to the Wooden Cylinder, and covered at Top 
with Paper or Wood. This Cartridge holds the Requifite of Powder, 
which is neceffary to diflodge the Grenada, as may be feen by A in the 
lame Figure. 

This does not differ much from the other fort we have already Ipoken 
Fig. 12,7. of, and is the fame which is reprefented in the Cannon in Fig. 127, ex- 
cept that this laft does not appear with its Paper Cartridge j which mull: 
be formed upon a Wooden Rowler or Former after the fame manner as 
the Cafes of Rockets. This is filled with Corn Powder as in the fore- 
going Cafe, and as it appears in the Figure. Thefe two Sorts require to 
be charged with great Diligence and Expedition j and particular Care 
mull be taken that the Powder is not too Itrong, for fear they Ihould be 
damaged, from whence unhappy Accidents may enfue. 

SORT V. 

This Way of Ihooting Grenada's from Pieces of Cannon, was not on- 
ly defigned for projeding one at a time (as may be imagined by what we 
have hitherto faid) but likewife for throwing feveral fmall Hand-Grena- 
do's at once into the Enemy’s Camp, dr amongll the Battalions which 
are drawn up in Day of Battel. This you may eafily do, if you Ihuc 
them up in hollow Wooden Boxes or Cartouches, fuch as you fee in 
Fig. 1^6. Fig. 126. In the firll place, the Bottom of the Cartouch, A, lhall be 
twice as thick as the Sides, and lhall be re-inforced with an Iron Plate, 
and wrapped round by a llrong Paper Cartridge ; or elfc you may tye a 
little Canvafs Bag full of Corn Powder round it, as you fee in D. The 
Fuze C lhall be cither of Wood or Iron, and filled with a Jlow Compoji- 
tion, by which the Fire is conveyed to the Grenada's as foon as the Box 
falls amongll the Enemy. 



SORT VI. 

We may Ihoot Grenada's from Cannon without any of the abovemen- 
tioned Additions to themi but they mull in this Cafe be thicker at Bot- 
tom 
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tom than in the reft of their Circumference, as may be feen in Fig. 128. Fig- 128. 
Thefe ftiall have Iron Fuzes which Ihall not in the leaft degree fur- 
mount or rife above the Convexity of the Grenada^ and the lower Ends 
of them Ihall be received or let into the Bottom of the Grenada Sy as may 
be feen by Letter A in the fame Figure. This Fuze (which Ihall be 
filled with a Jlow Compojition^ muft be of the lame Dimeniions as we 
have ordered for the other Sorts of Fuzes ; B fticws you a Profil of it. 

The Bottom of this Grenada Ihall be turned inwards, or towards the 
Powder in the Guny and confequcntly its Fuze muft be diredlcd out- 
wards towards the Muzzle of it. Though the Grenada be fixed in this 
Pofture, you need not fear its being fired before it gets out of the Piece; 
for being agitated by the Flalh of the Powdery it muft in its Excurfion 
through the Chafe of the Gun be turned and whirled round levcral 
times before it can reach the Muzzle; therefore it will be impoffible for 
it to mifs taking Fire from the Flalh, which wraps itielf all round it by 
turns. 



SORT VII. 

Not long lince; in the Reign of Ifladijlaus IV. King of Po- 
land and SwedeUy His Majcfty’s Engineer Major, Frederi^ Getkanf^ 

( who for his univerfal Knowledge in the Sciences and great Skill 
in all the Branches of Mecbanicsy deferves to be called a fecond Archi- 
medes of our Country) contrived a moft certain and infallible Way, for 
projedling Grenada's from great Guns ; to which purpole he call: a Piece 
of Cannon^ which as to Length is not very different from an old Ibrt of 
Gun which the Italians at this Day call Canone petriero incamerato : But 
it differs greatly from this in its Chamber, which is fo proportioned as 
exadlly to contain the proper Requifite of Powder. It has moreover 
two Touch-holes, which terminate in the Vent of the Piece ; one of 
which defcends obliquely into the Chamber where the Powder is, and 
the other perpendicularly upon the GrenadOy by which the Fire is con- 
veyed to light a kind of ^ick Match with which the Grenada and its 
Fuze are coated all round ; to the end that whilft the Powder is taking 
FirCy the Grenada may be in a Readinefs to depart, and only wait for 
the Motion which is to be given by the Flalh of the Gun. I have 
taken the Trouble of giving you a Profil of this Gun with its Grenada 
lodged in it, as may be feen in Fig. 129. As to the particular Propor-Fig. up- 
tions of the feveral Members of this Cannony I Ihall refer fpeaking of 
them to the Firji Book of the Second Part of our Artillery y where I 
Ihall dcfcant upon them at large, according to the beft Information I 
could get from that celebrated Mafter of the Military Arts and Sciences. 
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COROLLARY I. 

Grenada’s of all forts may be applied to very various Ufes in the Gon- 
du<a of Warj many of which we Ihall fpecify in the fubfequent Chap- 
ters. But if you attentively confider that Grenada reprefented under 
Number 1 18, by the Letter E, you will find it none of the moft de- 
fpicable. It is firft fhut up in two parallelepiped Timbers, which are 
fecurely bolted and forelocked together fo as to keep the Grenada fixed 
and immoveable; It is then fired and thrown down from feme Emi- 
nence, amongft the Enemy, where it does moft horrid Execution by 
the Splinters of the Wood about it, and its own Iron Splinters. 

COROLLARY II. 

In order to ihoot Grenada's from Cannon^ the Requifite of Powder 
(hall never exceed » of the Weight of the Grenada znd. all its Furniture, 
without which it cannot be conveniently projeifted. 

COROLLARY III. 

Wc have obferved that Grenada’s of every fort of Conftrudlion, be- 
ing fiUlen upon any Plane, do (by an inconceivable Myftery of Nature, 
and fome fecrct Caufe not hitherto traced out by the Wit of Man) burft 
and fly to pieces in an Angle of 45 Degrees. Whofoever keeps in 
mind this Remark, and the wholefome Advice I now give him, may a- 
void the Danger of all forts of Grenada's, and make a Jeft of them 
though they be pretty near, if before they burft he has time to lay 
himfelf flat on the fame Plane which they fall upon; This I would 
have no Body forget, when they happen to be in fuch a Situation as not 
only to be oblig’d to fee them, but alfo to take a Share of them, 

COROLLARY IV. 

Thofe who are curious to know the great Things that have been 
performed by Grenada’s in the feveral Wars, fince their Invention, may 
turn over the Commentaries of the Hiftorians who have in our Age 
recorded the Remarkable Tranfadlions in the Low-Countries, Thofe 
Gentlemen will tell you (without my giving myfelf the Trouble of do- 
ing it) that amongft innumerable Means for expediting the Sieges and 
Surrenders of Places, and which contributed the moft to the Progrefs of 
the Arms on each fide, the vaft Expcnces of which were almoft unequal 
to the entire Revenues of feveral European Kings and Princes ; I fay, 
they will tell you that Grenada's were always the chief and the firft 
Thing they had recourfe to ; which by the Induftry of skilful Pyrobo- 
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lijis (in which, thank God, the Low-Countries are fo fertile, as to afford 
to fpare them to their Neighbours) were fhowered into befieged Places, 
and into the Enemy’s Trenches, which fuch prodigious Devaftation as 
cannot be refledted upon without Horrour. How many Veterans^ and 
old Citizens have we living at this day, who count themfelvcs happy, 
and glory in having been prefent at thofe deftrudive Scenes ? and feemto 
delpife fuch as have never been, like them, at the Siege of a BreJa, a BoiJ~ 
leduCy an OJiendy or a Maejlrichty ^c. which they look back upon, and 
deferibe to you with a feefet Satisfadtion of having efcaped the Dan- 
ger.? 

All thefe will concur with me, and confefs, that the Grenada's which 
were fent amongft them from the Enemy’s Lines of Approach, not only 
ftruck them with Dread, but alfo urged them to a fpeedier Capitulation 
than they defign’d. And how was it poflible for them to hold out any 
great length of Time? For according to the Idea I have formed to my 
lelf, they could fee nothing on all Sides but dead Bodies ftretched out ; 
People buried under Rubbifh j or clfe frightful Wounds j Arms, Legs 
and Heads mafhed to pieces i together with the melancholy Ruins of 
once-magnificent Edifices, promifeuoufly blended in one common De- 
flrudlion with the obfeureft private Dwellings j and all owing to Gre- 
nada's. In fhort, we may believe that.the Calamity was inexpreflible, 
and that the Inhabitants could find no Place of Refuge where they could 
be in Safety. 

But to corroborate what I have faid, and to fhew that I do not defire 
you to pin your Faith upon my Words only, I fhall recur to the Tefti- 
mony of two famous Authors who were prefent at the Siege of Boijle- 
duc and Breday and who were careful Obfervers of every remarkable Oc- 
currence that happened. Firft then,DdimV/ HeinJiuSyin his Hiftory of the 
Seige of BoiJleduCy fpeaks of Grenada's in thefe Terms. The Enemy 
were not bebind-hand with us in any refpeBy but defended themfehes with 
fuch Braveryy that we could not gain an Inch of Ground upon theniy but 
by very great Compulfion, or by their own Will: During thisy nothing 
was to be Jeen but Balls of Fire (by which he means Grenada's) which 
were fometimes thrown by Handy and fometimes f^ung through the Air by 
MachineSy and conveyed Fire and Dread wherever they fell', nothing more 
cruel or frightful was ever feen'y and no Word can be more exprejjhe 
of their fad EffeblSy than Death itfelf : For whenever they fell upon 
the Ramparts or Houjes, the poor Inhabitants were put into the utmoji 
Confernationy And almoji as often as our Engineers threw any amongjl 
themy we prefently faw Houfehold-goodsy Fumiturey and Cloatbs blown up 
into the Air j and it is not to be doubted but in a long courfe of TimOy and 
by frequent RepetifionSy forne of them fell into their Arfenals and Maga- 
zines. As for thoje which the Enemy threw amongfl us in our Entrench- 
ments and Works y we had Opportunities of avoiding them. 
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Boxhornius fays fomething to this purpofe concerning Grenada's, in 
his Hiftory of the Siege of Breda 5 nanaely : That three Houfes were de-^ 
tnolijhed by one of tbofe Fire-Balls which were called Bombs. Grenade’s 
did not fall port of them in Execution, from the Danger of which there 
was no efcaping but by a Miracle. 

But I (hall pafs over a great number of Hiftorians, whofe Works are 
filled with Narratives of this kindj and fhall only appeal to the Perfi- 
dious Mufeovites who are ftill living, and alfo to the multitude of Auxi- 
liaries that joined them, 'tvhen they invefted and took the Fortrefs of 
Smolensko in white Rujfa, (which was afterwards retaken from them in 
the Year 1634) to tell us what they know of the ftrange Havock made 
by the Grenada's, which the Lithuanians threw into their Camp, incef- 
fantly for three Months together. But if they Ihould be filent upon 
this Matter, our mighty Prowefs has ftunned them in fuch a manner (if 
I may fo exprefs myfelf) that they will have no more Heart to make 
head againft our Victorious Arms for the future, than if they had been 
thunderftruck. It will be enough if I inform the World that our Py- 
robolic Thunder drove them to fuch Extremities, that thofe Barba- 
rians could find no Safety even in the Bowels of the Earth ; and that 
though they took Refuge in the mofi: profound Caverns, yet our Gre^- 
nado's found them out, and did their bufinefs. Inlhort; perceiving 
themfclves overwhelmed day after day with frelh Difallers, and being 
quite difpirited, they were obliged to throw themfelves, and all their 
Warlike Apparel and Habiliaments, at the Feet of our Invincible and 
Auguft King the Great Vladijlaus IV, in the moft fuppliant Pofture, 
begging Life and Liberty, that they might have the Satisfaction of end- 
ing their Days in their Native Country, rather than be Food for 
Wolves and Ravens in a ftrange Land. 

But let us now, on the other hand, confefs that there is nothing to pre- 
vent the Befieged from demolifliing the Befiegers Works, by Grenada' s,qt 
from putting them into the utmoft Confufion and Diforder 3 (though indeed 
not to compare, with the Calamities they caufe in inclofed Places) to 
confirm which, I Ihall give you no other Example than the famous 
Siege of Of end, which was as Memorable on the fcore of its Duration, 
as on account of the many gallant Perfons who there gave the moft con- 
fpicuous Proofs of the moft Heroic Bravery. The famous Annalift 
Paulus Piafecius, Biftiop of Premifaw, fpeaks thus of it in the year 
1601. 'Pbey began with throwing a vaf many Balls of Fire, by the Af 
fifance of Machines j fo that the Befeged had no where to pelter them- 
fehes'y 'That there was nothing to be feen but Artificial 1 ‘hunder and 
Lightning, flying backwards and forwards in the Air j and Fhat to his 
Knowledge there were rather more than 50000 thrown into the Town in 
one Month's time, and 20000 from out of if. 

But to what purpofe Ihould I dwell longer upon this SubjeCt, fince 
we have ftill frefti in our Minds, Inftances of the famous Sieges carried 
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on lately in Spain^ France^ Italy ^ Germany^ Poland^ and the Low^ 
Countries^ (which have always been the grand Theater of War, and 
principal School of Mart j) not to mention particularly the vaft Num- 
bers of Towns, that have been in veiled over all Europe j and have by 
rueful Experience found (as is alfo allowed by the moft expert Judges 
in Military Adairs) that Grenada s are the Bane of the Befieged, the 
Ruin of Cities, and commonly the Death of moft of the Befiegers ; not- 
withftanding that it is certainly eafier for the latter to elcape the Danger 
of them, than the former. 



CHAP. V. 

Of t Fire-Balls, which the Latins call Globi lacendiarii or 
Igniti, the Italians Palle di Fuoco, the Germans Ernft and 
Fewer Kugelen, the French Boulet a Feu, the Fleming 
Vyer Ballen, and the Poles Ogoifte Kule. 

C INCE Fire-Balls are of a much elder Date than our Grenada' it 
may be wondered why they did not take place of them, as being 
the firft in the natural Order of Things : But the fertile Invention of 
our Modern Pyrobolijis fuggefting new Thoughts to them every Day, 
towards the Improvement of the Old, or Contrivance of New Ma- 
chines^ and all New Inventions in every Art being commonly efta- 
bliflied in Prejudice of the Old, as if for being New, they are of 
more intrinfick Worth, and more perfedl than the former ; Fire-Balls 
feem to have given up their Place, and to have yielded to Grenada's j 
and arc accordingly grown almoft out of Ufc. However, the frequent 
Services they have done rendering it indifputable, that they are in fome 
fort ufeful upon Warlike Occafions j I Ihall give you the Method of 
their Conftrudtion, and Ihew you their feveral Forms and Shapes with 
us ; and thofe alfo which they had formerly j together with Reprefen- 
tations of them drawn in the moft curious Manner I am able. But be- 
fore we enter upon a particular Defeription of them, let us examine a 
little into their Form, which will facilitate the making of them. 

The Form then of Fire-Balls may be very various, but the moft 
common is that of a Spheroid, or a Sphere ; And in Confideration that 
they muft be made of coarfe Cotton Cloth, or any Cloth more fubftan- 
tial and ftronger, if any fuch is to be had ; you muft, to expedite your 
Work, have Patterns (which the Germans call Mufter) by which to cut 
out your Cloth, which ftiall be afterwards fewed up in Oval Bags as a 
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Spheroid, or in Round ones as a Sphere ; which muft be afterwards filled 
with combuftible Matter, and levcral PyroSoItcal Compojitions. 

The Patterns for Spheroidical Bags may be prepared after feveral 
Ways, five of which I fliali here communicate to youj and Firft, Take 
the Diameter of the Mortar ^ from whence you are to project your Fire- 
Ball, and letting it off upon fome Plane, divide it into 4 equal Parts, as 
Fig. 13c* may be Iccn in Fig. 130. Then fixing one Foot of your Compaflcs at 
the Extremity of die Diameter {viz.) at B j ext<:nd the other to ^ of the 
faid Diameter {viz.) to C ; and with that opening delcribe an Arch of a 
Circle D C E j then Ihifting your Compaffes to the Point C, with the 
other defcribe another Arch of a Circle D B E, interfedting the Firft 
in the Points D and E j by this means you will have a longifli Figure 
comprehended between the two equal Arches D C E B, which will be 
the Pattern for your Fire-Ball. This done, cut out four Pieces of ftrong 
Cloth, by th.c laid Pattern, and lew them well together, and you will 
have a Bag in the perfeft Form of a Spheroid, after it is filled with an 
Artijicial Compojition. 

Tlie Second Way of falhioning Patterns for Fire-Balls is thus ; Di- 
vide (as we ordered above) the Diameter of the Mortar into 4 equal 
Fig. T31. Parts, as may be feen in Fig. 131. Then extending the Diameter A B 
as far as C, in fuch a Manner that A C may be double of the Diameter 
A B, you lhall divide the Additional Line B C into 4 equal Parts, fo 
that the whole Line A C may be divided into 8 equal Parts ; Take then 
i with the Compafs, and from the Point A which is one of the Extre- 
mities of the Line A C, delcribe an Arch of a Circle towards C 5 and 
then reciprocally from C defcribe another Arch interfeding the Firft in 
the Points E and D ; and thus you will have another Pattern which will 
be a fixth Part of a Spheroidical Bag. Therefore by this Pattern lhall 
you cut out fix pieces of Cloth, and lew them ftrongly together to 
make your Bag. 

Fig. 132. Under Number 132 ymi have three different Ways of making thefe 
Patterns ; the Firft of which {viz.) A, is done by afiuming the Diame- 
ter of the Circle for the Badius of the Arcs. The Second {viz.) B, by 
the mutual Interfedion of two Circles, whofe Diameters are equal to 
the Diameter of the Mortar. In fliort, the Third is inferibed within 
the faid Circles. Thefe three difl&rcnt Methods give Patterns for three 
different Spheroidical Bags, when three Pieces only are fewed together. 

The common Way of forming Patterns for perfedly Round Bags, is 
thus : The Diameter of the Mortar being bifieded into two equal Pans, 
defcribe a cotnpleat Circle round it, which you lhall quadrifed into four 
Quadrants, each of which lhall be trifeded into three equal Arches. This 
done, produce a Right Line; upon which you fliall fet off 19 of the 
Fig. i33.Subdivifions of the Quadrants, as may be feen inF%. 133 under the 
Letter A ; where A B is the Diameter of the Circle, and B C the Right 
Line divided into 19 of the abovementioned Parts, each equal to t of a 
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Qimdrant of the aforefaid Circle. Now if you fix one Foot of your 
Compaffes at the Extremity B, and extending it to the Eleventh Di- 
vifion deferibe an Arch of a Circle; and if you reciprocally defcribe 
another Arch of a Circle interfering the Firft in the Points E and D, 
you will have a Pattern for Round Bags : Therefore cutting twelve Pie- 
ces of new Stuff by this Pattern, and fewing them together, you will 
have a Spherical Bag. 

In the fame Figure you have another Method of doing this, under 
the Letter B ; which I have taken from Chap. I. of Book III. of D/V- 
gus Ufanus's Artillery ; “ Having taken the Diameter of the Mortar^ 

“ inferibe it in a Circle, which being divided into Quadrants, by ano- 

ther Diameter interfering the firft at Right Angles through the Cen- 
“ ter of it i you fhall from the Extremities of the Chord or Subtenlc of 
“ any one of thofe Quadrants, defcribe two Arches interfering each 
“ other; and from the Point of their Interferion defcribe a Third Arch; 

“ lo that they may compofe an ^Equilateral Spherical Triangle. This 
“ done, cut out 8 Pieces of Cloth by this Pattern, and few them neat- 
“ ly together, and you will have a Spherical Bag.” If you would now 
fee the manner of fewing thefe Bags, caft your Eye upon Figures I34f’'g- *34 
and 135. 



and ijif. 



Compofitions for Fire-Balls, 

Notwithftanding that all the Compojitions we have already given for 
Water-Globes^ might ferve for Fire-Balls ; yet becaufe thefe require to 
have them a little more violent, and are to dart forth a very long Flame, 
and vomit out a great Quantity of large Sparks^ to the end that luch as 
would endeavour to ftifle them may not be able to approach near them; 
I fhall touch upon an infallible Way of preparing them, and alfo of try- 
ing them after they are m^de. 

COMPOSITION I. 

Take of Meal Powder 10 lb ; of Saltpeter 2 lb j oFSulpbur one Tbj 
and of Cohpbone one lb. 

COMPOSITION IL 

Take of Med Powder 6 lb; of Saltpeter 4 lb; o£ Sulphur 2 lb; of 
coarfe Powder of Glafs one lb; of Crude Antimony lb fs; of Campbire 
lb fs ; of Sal Armoniac one lb ; and of common Salt | iiij. 

COMPOSITION III. 

Take of Meal Powder 48 lb ; of Saltpeter 32 lb; of Sulphur 16 15 ; 
of Colopbone 4 lb; of Filings of Iron or Hammer-Jlaw 2 lb ; of the Saw- 
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duft of Fir or Pine boiled in a Saltpetrous JVater and then dried, 2 lb ; 
and of Birch Coal one It. 

The Powder fhall be firft reduced to a very fine Meal for all thefe 
CompoJitionSi and paffed through a very fine Hair Scarce : As for the 
other Ingredients^ they (hall be but indifferently pulverized i becaufe if 
they were to be reduced to a very fine Meal, the Compojition would emit 
but very finall weak Sparks, and thofe not to any great Length. Or 
on the contrary, by being in pretty large Lumps, one Ingredient could 
not well incorporate with the reft, but would all burn independant- 
ly of each other, and lofe the Fire before it could have time to in- 
flame the Whole : You muft therefore be very careful in preparing thefe 
CompoJitionSy the Goodnefs of which may be tried as follows. 

Take a wooden Fuze, or a Paper Cafe, no matter which, of the Height 
of half a Palm, and the Orifice of it the Breath of half a Finger 
only : Fill it with your Compojition^ and nicely obferve the following 
Prognojlics. 

If the Flame rifes to the Height of a Palm, that is, to twice the 
Height of the Fuze which contains it. 

If it throws out a good quantity of Sparks on all fides, with a pretty 
great Noife and an acute Crackling j which falling upon the Head of a 
Drum have Strength enough to break through it, or at leaft Heat enough 
to burn it. 

If, in (hort, it burns during the Time you can rehearfe the Apojiles 
Creed. 

I fay, if you obferve all thefe Indications, you may conclude that 
your Compojition is in very good Temper j therefore you may not only 
ufe it for your Fire-Balls^ but alfo for your Fire-Lances, Clubs, Gar^ 
lands. Crowns, Darts, Fire-Hoops, and the reft of your Pyrobolical Ma- 
chines, which we (hall fpeak (b amply of in the Sequel. But if you ob- 
ferve your Compojition to be either a little too weak, or too ftrong, you 
may eafily make amends for it by adding ^ick or Slow Matter to it* 
You will not do amifs, if you fprinkle your Compojition over with a little 
of fome fort of Oil, that the Ingredients may unite the clofer, and that 
if your Ball happens to fall into Water, or any damp Place, it may 
be enabled thereby to maintain its Combuftion with the greater Obfti- 
nacy. 

Having thus given you the proper Compojitions for Fire-Balls, I can 
do no lefs than proceed to inftrudt you in the Preparation of the ieveral 
Species of them, and (hew you how you are to charge them. 
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0 / FIRE-BALLS. 

SORT I. 

For this, you fhall firft make a longiih Bag, according to the Order 
and Method already laid down, and fill it up to the Brim with one of 
the above Compofitions^ preffing and fhaking it down as much as pofli- 
ble, ’till it is almoft as hard as a Stone. Then flopping the Orifice of it 
with a Wooden Stopple D ; take two Iron Rings, of which that which is 
to be uppermofl upon the Ball [yon have it reprefented in B, Fig. 136) Fig- 136. 
fhall be r of the Diameter of it ; and that which is to be benea^ fhall 
be but i only ; You have this in Letter A, 

But I mufl beg your favourable Acceptance of what I have here 
taken from Brechtelius's Pyrotechnics^ relating to this matter, “ He 
“ fays then, that for Balls of 100 lb, the upper Ring fhall be 3 I Uncice 
“ or Inches, and the Lower one 3 Uncia only. For Balls of 75 lb, the 
“ Upper Ring fhall be 3 Uncice^ and the Lower one 2 i Uncia. For 
“ Balls of 50 lb, the Upper Ring fhall be 2 ; Uncia^ but the Lower one 
“ 2 Uncta only. For Balls of 25 lb, the Upper Ring fhall be i ^ Un- 
“ cia^ but the Lower one i ^ XJncia only. For Balls which exceed 
“ 100 lb, as for Example, 125, or 150, or more; the Rings fhall be 
“ increafed half an Uncia for every fifteenth Pound. As for Balls be- 
“ tween the Fifteenths, their Rings fhall always obfcrre a Medium^ be- 
“ tween the next greatefl and the next leafl j in fhort, they fhall be 
“ proportioned as fhall be judged mofl convenient.” As much may be 
faid of their Thicknefs, for according to the Size of your Balls mufl 
you make your Rings more or lefs fubflantial, in which you mull be 
guided by your Eye. Upon the whole, you mufl take Notice when we 
mention the Weight of a Fire-Bally that we mean, if the Diameter of 
the Mortar from whence it is to be projedled was to be applied to that 
Side of the Calibre Scale which is calculated for Stone BulletSy it would 
point out fuch a Number of Pounds. This you mufl keep in mind^ 
throughout the Remainder of this Difeourfe. 

Suppofe now you have two Rings of proper Dimenfions, one for the 
Top and the other for the Bottom of your Ball : Take a flrong Cord 
or Line (whofe Thicknefs mufl not exceed that of the Rings) of the 
Length of 8 or 9 Yards, more or lefs according to the Size of yourBa/^ 
and tying one End of it to either of the Rings, and paffing the other 
through a Needle ( as may be feen in the Figure) lace your Ball tightly 
round with it, obferving to do it in fb neat a manner, that your Lacing 
may appear like little Ladders of Cord, or ( to give you a better Com- 
parifon ) like the imaginary Meridians and Parallels drawn upon a T rr- 
rejirial Globe % call your Eye upon Figure 137, where you will fee it Fig. 137. 
juft as I have deferibed it. 
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Now to cafe you of fome of the Trouble you might be at in Lacing 
or Cording thefe Balh^ I have given you the Conftrudlion of a Wooden 
Fig. 147. Stool in Fig. 147, upon which if you fix your Ball between the three 
Iron Spikes which you fee bent outwards, you may conveniently per- 
form your Work. If you Ihould fometimes happen, through too much 
Hafte, or for want of being ufed to this Work, to make any Slips or 
Miftakes in your Knots, &c. you may undo them with the Marline- 
Fig. Ip. Spikes^ which you fee under Number 150, diftinguilhed by C and D, 
and E : A and B are two Copper Needles. 

Having thus laced or corded your Ball after the manner we have or- 
dered, you will have nothing to do, but to thrufi: Iron Crackers into 
the Body of it, which you may ealily do by the help of that little Con- 
Fig- 149 -trivance like a Pole-Ax which you fee in Fig. 149, or fuch a Borer as 
Fig. 146. you fee inF/^. 146. But before I proceed farther, I mufl: fay Ibme- 
thing concerning the Proportions of thefe Crackers^ how they are to be 
fixed, and what Order is to be obferved in charging them ; becaufe we 
Ihall, for the future, make great and frequent Ufe of them, as very ne- 
celfary Adjunfts to the feveral Balls we (hall prepare. 

Pyrobolijis ufually make three Sorts of Copper or Iron Crackers^ for 
their Fire-Balls^ and each of a diiferent Length ; to which they are in- 
duced by fufficient Reafons and continual Experience, which (according 
to the common Saying) is the Mother of all "Things. The firft and longeft 
F‘g- t 37 of the three you have in Fig. 137, where it is diftinguifiied by the 
Letter A : B is the middling or mean one ; and C is the leaft. We 
lhall give Reafons for this Inequality hereafter j but as to their Length 
in general, you muft obferve the following Rules. 

You (hall divide the Diameter of a Fire-Ball into 4 equal Parts, one 
of which will exadtly give you the firft Cracker without its Point. The 
Second fhall be 4 * of the Length of the Firft, and the Third ; or if 
you would rather choofe to proportion them by the Diameters of Bullets^ 
you ftiall proceed as follows. 

For Centenary Fire-Balls^ by which we mean fuch whofe Diameters 
are equal to that of a Stone Bullet weighing 100 lb, the Crackers fhall 
be made of Iron or Copper Plates turned into Tubes, which ftiall be fol- 
dcred both without and within if poftible, and their Orifices fhall be re- 
inforced with a Ring of the fame Metals. The Diameter of their Ori- 
fices ftiall be equal to that of an Ounce of Lead ; and their Length fhall 
be 6 of the fame Orifices ; I here mean the longeft Crackers only; for 
the middling fhall be but 5 t Diameters ; and the leaft but 5. For 
Fire-Balls which fall fhort of this Weight, the Diameters of the 
Leaden Bullets fhall be infenfibly diminifhed, and the Lengths of the 
Crackers fhall be proportioned, as I faid juft now: You muft only ob- 
ferve here, that the Leaden Bullets which are to determine the Diame- 
ters and Lengths of the Crackers for Fire-Balls oi 25 lb, fhall weigh 
half an Ounce ; But for the reft down from 20 to 15 or lolb (which 
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are the leaf!: that ought to be made) the Leaden Bullets fhall weigh at 
leaft two Drams : The Lengths of the Crackers muft be as I have faid 
above. 

Your Crackers being thus ordered, take the little Pole-Ax, or an Iron 
Spike, and driving it with a Wooden Mallet, which you have in Figure 
148, into the Spaces between your Cording, thruft your Crackers into Fig 
thofe Holes, in fuch Order that the longeft of them may be in the mid- 
dle part of the Ball^ and beneath them towards the Bottom you mull 
drive in your leller; and in Ihort, all round the Vent and towards the 
Top you lhall drive in your leall, fo that the Ends of them may be 
turned downwards towards thofe of the longell. However, you mull 
be cautious how you put them too near the Vent^ for fear of their go- 
ing olf too foon. You lhall like wife take Care that they be not all in 
one Polition, but that they be diverlly difpofed, in fuch manner that 
their Ends may be turned alternately upwards and downwards to the 
Right and to the Left, that they may not go off many at a time, but by 
degrees one after another. 

If it happens that your Fire-Ball is fo folidly or clofely filled, as to 
refufe Reception to fo great a Number of Crackers^ as mull of ne- 
celTity be thrull into it, you lhall (after having driven in the Spike of 
your little Pole-Ax) compleat the Hole with the Borer 146, or fome 
Tool like it, with which you may fcoop out fo much Compojition as will 
make room for your Crackers. 

When thefe Crackers are driven into the Body of your Ball,, you lhall 
fill them with gpodi Powder to the Height of 3 Diameters of their Ori- 
fices, and over that a Leaden Bullet, and then a good Wadd of Paper or 
Tow; and let them be clofely Hopped up. 

To conclude ; ^tVent of your Rtf //lhall be made within the Upper 
Ring, by cutting the Cloth crofswife, or like a Star; but you lhall not 
have one only; for you lliall make three others in a Triangular Pofi- 
tion, and at the diltance of 3 or 4 Inches from that in the middle, 
which will be of great Service, and make your Fire-Ball as effedtual as 
you could wilh. Thefe Holes are made to facilitate the Accenfion of 
the Compojition, and to prevent its Fire from being cafily fuffocated by 
the Enemy with raw Hides, wet Bags or Matrelles, &c. and to alfill it 
if it Ihould fall into loft Earth, or Mudd, Alhes or Green Turf. 

Being thus adjuHcd, it is neceffary to dip it into a certain Compojition, 
which the German Fyrobolijis improperly call 'T'auff, and Ernjikugel 
L’auffen, which lignifies to baptize a Fire-Ball ; this is to be done as 
follows. 

Get firll an Iron or Wooden Ring equal to the Bore of the Mortar 
you would ufe, the Figure of which you have in 145 under Letter A :Fig. 
In the fame Figure you alfo have a Wooden Board or Iron Plate, bored 
through with Holes of various Sizes, as in Letter B : Either of thefe In- 
llruments are very convenient for meafuring the Circumference of your 
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Ball, that you may not inadvertently make it unfit for the Calibre of 
the Mortar, in lacing it and in coating it with the following Mixture. 

Take then 4 Parts of Ship Pitch, 2 Parts of Colophone, i Part of 
Linfeed or turpentine Oil, and melt and mix them well together in any 
large Brafs Boiler, or glazed Earthen Pot j and taking this liquid Mix- 
ture from the Fire, throw as much Meal Powder into it as may be 
fufficient to thicken it : Then holding your Ball by a String dip it into 
this Stuff up to the Vent, (which fliall be previoully and tightly 
ftopped up) and afterwards coat it round with Tow, that its Convexi- 
ty may be perfeftly fmooth, and the Knots entirely hid. 

Whilft you are dipping it, you ftiall from time to time meafure it 
by the above Contrivance, and continue the Immerlion of it ’till it is 
exaftly of the due Calibre you want. You have this Fire-Ball moft 
fig. i37.curioufly reprefented in Fig. 137; But we have faid enough of it, let 
us therefore proceed to the reft. 

SORT II. 

In the Preparation of this, you muft firft have a Bag, (no matter 
whether it be Spherical or Spheroidical j) in the Bottom of which you 
fhall fix 6, 8, or more Hand-Grenadd s with very ftiort Fuzes, which 
*38* fliall be turned downwards j (as you may perceive in Letter C Fig. 138,) 
thefe Grenaddi fhall be afterwards buried under a proper Compojition, 
with which the Remainder of your Fire-Ball fhall be quite filled up: You 
Ihall then have two Iron Bafons like Scales, the Rims of which lhall be 
bored through with little Holes. That which you defign to be uppcr- 
moft, fhall be open at Top like a Milk-ftrainer ; thefe are diftinguifhed 
by A and B. To the opening of the upper Bafon you fhall folder an Iron 
Fuze, which muft be filled with one of the Compojitions we have al- 
ready given for Fuzes, 

This done clap your Bafons upon the Top and Bottom of your Ball^ 
and lace them tightly on, through the aforefaid Holes in the Rims of 
them; and dip and coat this Ball as you did the Former. You arc to 
add Iron Crackers to this, if you will; but you muft take care that they 
do not interfere with the Grenada's. 

SORT III. 

Take a round Bag, which being filled with may form a 

Pig. j29.Splierical Ball, fuch as you fee in Fig. 139, 140, and 144, Firft fill 
Mo»lt with Corn-Powder to k of it’s Height, and let it be interfperfed with 
and 144- Leaden Bullets, bits of Iron, pieces of Flint, and fuch Uke Things. 
The reft of this Ball fhall be filled quite up with one of the Compojitions 
already given for Fire-Balls, and fhall be adjufted on the Outfide like 
the laft. You have this, in Fig. 140. 
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In fhortj take a good quantity of Leaden Bullets of an Ounce ^ or 
half an weight, with each a little Iron Needle or Point belong- 
ing to it. Arm all the Interllices of your Lacing with thefe, by dri- 
ving them into the CompoJition\ and coat this Ball as before, that nei- 
ther the Bullets nor Lacing may appear. The Fuze for this (which you 
fee in A) fliall be filled as ufual. 

SORT IV. 

The Ball I am now going to prefent you with, is moft horrible in 
its ElFeAs} which are the more frightful, becaufe the Treachery of its 
Conftrudlion can be no way fufpe^ted; For what can be more furpri- 
fing to the Poor People, amidll whom fuch a Ball is fent, (who ta- 
king it to be one of the ordinary Sort, and accordingly ufe their ut- 
moil Endeavours to ftifle it) I fay, what can be more furprifing to them, 
than to be on a fudden moft cruelly butchered by it; And what is farther 
extraordinary, it does not perform its Execution all at once, but by a 
Repetition of 3 or 4 Times, which ftill makes it the more dreadful. 

If you would learn the Conftnnftion of this, you muft mind the fol- 
lowing Dirceftions. 

Take the Diameter of the Mortar you intend to ufe, and divide it 
into 5 Parts in a Stereometrical Proportion. Now though I appre- 
hend I have fully inftnnfted you in this Operation in our Firji Book ; 
yet in confideration of this wonderful Invention, I ftiall fubjoin the 
following Method. 

Look into the Table of Cube Roots (which you have in Chap. i. 
of Book I.) for the Number of equal Parts, contained in the Fifth 
Root, and you will find it to be 171; Divide then the Diameter of 
your Mortar into 171 equal Parts. And fince in the faid Table the Firft 
Root is compofed of 100 Parts, you ftiall take of the whole Diame- 
ter abovementioned, for the Firft Portion j IIt for the Second ; tt? for 
the Third, and -Itt for the Fourth, which laft muft be added to the 
Fifth, for Reafons hereafter givens infhort, I need not tell you that 
the Fifth will be 17 1 Parrs. 

Thefe Cubical Portions of your Diameter being found, you muft 
inferibe the Firft, Second, Third, and Fifth, in any Circular Figure, 
as if they were Original, or Primitive Diameters (as we ftiewed in the 
fame Chapter.) Thefe Circumferences will ferve you for forming 
Patterns to cut out your Bags by. 

I have given you a Fire-Ball of this Conftrudtion in Fig. 141, which pig. 141. 
indeed is Oval, though I muft own I like the Round beft. The 
greateft (viz.) A, which contains 3 fmaller, has its leaft Diameter, or 
(or if you will) its Breadth, equal to the Fifth Portion, or (to fpeak 
more intelligibly) equal <to the Calibre of the Mortar it is to be pro- 
ieded from ; The like Diameter of B, is the Third Cubical Divifion ; 
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and the Diameter of D, is the Firft or Leaft. All thefe Diameters are 
mean. Proportionals betwixt two Extremes. The order they obferve, 
both as to Capacity and Bulk is thus: If the Firft or Leaft Ball^ D, 
contains one lb of Compofition\ the Second C will contain twice as 
much ; and the Third will hold 3 lb. Thus thefe three, contained by 
and in each other, need only have i lb of Powder for every one in 
particular. 

In Ihort, the Fourth and Laft would be fufficiently capacious to 
contain 5 lb of Compojition \ but as the Third is to be included in it, 
which on the other hand holds the two which are lefs than itfelf, it 
■will require but two Pounds of to fill it quite up. The 

Reafon why this Laft Shell or Ball is allowed a greater quantity of 
than the three others; is, that the three Lefler, upon the burft- 
ing of the Greater, may fuddenly take fire one after another j fo as to 
give the Enemy no Opportunity of fupprefling or extinguilhing them, 
and confequently they fliould have but very Ihort Fuzes. For as the 
whole Ball (as compounded of all the reft) takes up fome time in its 
Projedion, and requires a few Moments before it breaks after it is 
fallen, it is proper to allow this Fifth Shell or Bag that Portion of 
Compofition and Fuze which would have been taken up by the 
Fourth. 

As to the Conftrudkion of thefe Balh thus contained in one another, 
I have told you above, almoft as much as can befaidof 'it. But I 
think I had as good repeat it over again. 

The Leaft then ftiall be filled according to the Method preferibed 
for the foregoing: (‘viz.) You fliall fill it to I of its Height with the 
beft Corn Powder^ and the remaining Third with one of the above 
Compojitions: It (hall then be well corded, and armed with Leaden Bul- 
lefSy and coated with Glue and Tow, inftead of Pitch. When you 
put this Firft into the Second, it muft have its Orifice exadlly anfwer- 
ing to the Orifice or Vent of the other. The Second (hall he filled 
with Corn Powder to the Height of the Firft Ball ; and the remaining 
Vacancy with the fame Compofition. This like wife fhall be firmly laced; 
and between the Lacing it fhall be armed with Iron Crackers loaded 
with Powder and Bally fo low as the Compofition reaches; But Care 
muft be taken that thefe Crackers be not fo long as to incommode the 
included Ball: Beneath thefe upon the Corn Powder you fhall add 
Leaden BulletSy and under them you fhall flick in little Iron Spikes to 
fill up the Interfaces of the Cording. In flaort, this Ball fhall be 
coated with Glue and Tow like the foregoing. The Third fhall be 
prepared exadlly like thefe two. And finally, the Laft and Greatcft 
fhall be ordered juft like the three former ; but it will bear to have its 
Crackers longer y and in greater Number. It fhall alfo be armed with 
Leaden Ballsy all over that Part of it which contains the Corn Powder. 
In fhort, you fhall coat it in the lame manner as wc ordered for the 
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above Species of thcfe BaUsy and be (juft like them) moft exadly fitted 
to the ^re of the Mortar. 

Obferve here, that it will be proper for the three Balk contained in 
this laft to l^ve three Vents pretty near to each other, which ftiall be 
filled with Meal P<nvder to facilitate their Accenfion, and render it a 
difficult matter to fupprefe them. 

SORT V. 

Thi^ Pirje^BaU is moft commonly ftiot from Cannon^ and particularly 
when you would let Fire to the loftieft Edifices of a Town j or burn 
any Wooden Houfes, particularly when they are only roofed with 
Shingle, or thatched with Straw or Reeds j which manner of Budding 
is the moft common throughout Poland^ Lithuania, Ruffia, Sweden and 
Mujcovy. Cornelius Nepos tells us, in Plin. Ub. XVI. Cap. X. that bc- 
fides feveral Towns in Spain and France, (witnefs Cafar) even Rome it- 
felf was only covered with Oak Laths for the Space of 470 Years. Add 
to this the Teftimony of Vitruvius, who confelTes in Lib. II. Cap. I. that 
the Palace, or rather the Cabbin of Rotnalus, was only thatched with 
Straw, which in Commemoration of that firft Founder of the Roman. 

Empire was always kept whole and entire. This was the Magnificent 
Pile that Virgil fpeaks of Mneid. VIIJ. where he deferibes the Work qn 
^neas\ Shield. 

In Jummo cuftos 'Tarpeice Manlius arcis 
Stabat pro tmplo, & Capitolia celjd tenebat i 
Rotmleoifue recens horrehat regia Culnw. 

In Englijh thus : 

High on a Rock Heroic Manlius ftood j 
To guard the Temple and the Temple’s God. 

Then Rome was poor and there you might behold, 

The Palace thatch’d with Straw, now roof’d with Gold. Dryden. 

Ovid alfo gives us to underftand that the Habitation of this Firft Ro- 
man was only thatched with Straw : I leave you to judge what fort of 
Dwellings the reft of the People had. 

I fay then, that it will be very proper to (hoot Fire-Balls from Can- 
non at fuch kind of Edifices, except they are fo low, or the Ramparts 
fo high that they are' hid from Sight, for in that Cafe it would be beft to 
projedl them from Mortars. 

Moft of the Sieges which have been carried on in our Country, have 
furniffied us with Examples, fufficient to evince the Utility of this Con- 
trivance. Methinks I now fee Biall, a little Town in Stveria, not in- 
differently fortified or garrifoned, which was invefted the fame Year as 
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tte Miifcovites were forced to deliver up thcmfelves at Smoknsko^ by ihat 
Heroical and Magnanimous Prince Chrijiopher Radziville Palatine of 
IVilnay General of the Armies of the Great and Mighty Dutchy of Li~ 
tbuania ; who conducting that Siege like a brave Captain, and an excel- 
lent Politician as he was, caufed great Numbers of Fire-Balls to be Ihot 
upon the flight Lodgments and Cabbins of the MuJeoviteSy that were only 
thatched or covered with Shingle, which did them fuch Mifchief as is 
not to be conceived, and all they could do, could not preferve their 
Town from the Flames. Thus thofe Barbarians found by Experience, 
that Art and Stratagem are always attended with better Succefs than 
blind Rage or inconflderate Rafhncfs. 

I cannot pafs over what JuJlus Lipjius relates in his Poliocreticotm 
concerning the prodigious Devaflation mz^ithy Fire-Balls in certain Pla- 
ces of Mujeovy Livonia, which were befieged and taken by Stephen 
King of Poland j he writes to this EflfeCt : ^his great King invented 
Fire-Balls ‘which he threw into the Wooden Retrenchments of the Mufeo- 
vites and Livonians: Upon which thofe Barbarians complained ihat the 
Laws of War were violated, and the Honour of Arms polluted, by fuch un- 
fed r and unprecedented Dealings : But our People laughed at them and 
their Remonjirances too, and rejoiced in their own Succefs. 

Thefe Fire-Balls are fometimes ufed in Sea-Fights, to burn the Ene- 
my’s Sails and Rigging; in fliort, to dellroy their Ships; But thefe 
Ihould be armed beneath with a bearded Harpoon, to run into the 
Planks, and to make the Danger of them inevitable : Or that being fired 
at the Sails the Harpoon may go through them, and keep the Ball 
hanging in them : (But I am inclined to think that the Body of the Ball 
would be driven through the Sails ; and that therefore it would be better 
to (hoot Fire-Darts and Arrows at them from a Crofs-Bow) I fay, the 
Harpoon piercing through the Canvafs, and the Ball being naturally 
urged to hang downwards, and the Beard of the Harpoon hindering it 
from falling down, the Sails cannot avoid taking Fire. All that can be 
done in fuch a Dilemma, is at once to clew up the Sails and (Irike the 
Yards, in order to extinguifh the Fire upon the Ship’s Deck; which 
mull put the Enemy into unfpeakable Confiifion. 
i'ig. 142. The Falhion of this Ball is clearly exprelTed in Fig. 142. The Har- 
poon I have mentioned is under A. This mull be ordered by the very 
fame Rules as the rell we have deferibed ; Crackers loaded with Leaden 
Bullets would render it dangerous to approach it. 

SORT VI. 

This lad Sort of Fire-Ball bears Ibme refemblance to that Old Gre- 
nada, the Figure of which you have in Number 115 in its outward 
Form ; but I cannot fay there is any great Likenefs between them in their 
Effcdls. This Ball is grown antiquated and entirely dilufed, on the 
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fcore of its Form, which will not permit it to move freely through the 
Air j for we have found by Experience that thofe FrojeSHles which 
come the neareft to a Sphere meet with the leaft Refiftance from that 
Element j therefore this, approaching nearly to a Cylinder, it muft be 
attended with fome Inconveniences in its Motion : But I (ball not dwell 
upon this Point, it being my Defign to treat of it here-under. You have 
the Conftruftion of this Fire-Ball as follows. 

After having taken the Diameter of the Mortar you are to ufe (fee Fi- 
gure 143) conftitute a Parallelogram whofe Length is Triple of its Fig. 143: 
Breadth ; fuch as you fee in the Parallelogram G I K H : Its Breadth 
G H or I K is equal to C F the Semi-Diameter of the Mortar ; B C 
being the Diameter of it. Its Length G I or H K is treble its Breadth, 
or I i of the Diameter B C. Then from the Points G and H deferibe 
the two Arches H D and G D, mutually incerfedling each other in D ; 

But from I and K you Ihall form the Mquilateral ’Triangle IKE. 

By a Pattern of this Shape, you (hall cut out fix Pieces of ftrong 
CloA, to make your Bag fb as to fit the Calibre of the Mortar y which 
Pieces fhall be artfully fewed together ; leaving only an Opening at Top 
by which to put in your Compojition. It fhall be then corded as you fee 
in Letter A. 

Having done all this, you will have a Cylindric Fire-Bally with a 
Spherical Head and a flat Bottom, which fhall therefore be put into a 
fliat-bottomed Mortar j fome of which we fhall give you in the Second 
Fart of our Artillery y in our Book of Mortars. 



COROLLARY I. 

Of the feveral Shapes that may he given to the Pyrotechni- 
cal Projectiles j n})hich of them are the hefi adapted to 
receive the Imprefjions of a moving Force y and to retain 
their Motion after it is once communicated, 

^'T^HERE are many who are of Opinion, that fuch ProjeSHles as have 
a flat Bottom do not require fo great a Quantity of Powdery to 
carry them to as great or even to a greater Diftance, than thofe which 
are perfedlly Spherical : This I fhall demonftrate according to their 
Way of reafoning, without deviating in the leaft from their Arguments. 

The Modem Mortars having their Lengths moft commonly but 2 or 
I i of their Diameters refpedUvely, and fometimes but one only j the 
Powder in their Chambers being inflamed, and accordingly ftriking a- 
gainft the Ball 01 Bomb to projed it, does not ad with its whole Strength 
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upon it, but the Flafh endeavours to efcape through the Windage of it, 
choofing rather to make its Excurfion through a free Paffage, than be 
obliged to remove the fuperincumbent Weight, and therefore does not 
ftrike the Bottom of it with all its Force. TheReafon of which is,becaufe 
though the Convexity of an Hemifphere is always double of its Bafe ; 
(according to the Dodtrine of Archimedes^ Prop. XXX of the Sphere^ and 
of the Cylinder Lib. I.) yet if from the Imaginary Points 'which the Bafe 
is compofed of, you produce right Lines extending to the Convex Sur- 
face of the faid Hemifphere, you will find that you cannot affign a 
greater Number of Points to its Convexity than to the Plane or Bafe up- 
on which it refts. Now the farther any of thefe Perpendiculars are 
from a certain Line, which you muft fuppofe to extend from the Center 
of the Bafe to the Vertex of the Hemifphere, the fhorter will they be ; 
and confequently, any one of the Imaginary Points on the Convexi- 
ty of an Hemifphere being applied to any Plane, will immediately 
touch it, and be touched by it ; but the Points or Extremities of the 
other Perpendiculars will be exempt from any Conradl; becaufe thole 
Perpendiculars are Ihorter than the Axis^ which is that Perpendicular 
we juft now fuppofed to be in the Middle ; Therefore there can be but 
one Point of Contaeft between any Plane, and the Convex Surface of an 
Hemilphere. You have this largely and curioully handled by Clavius 
in his 15th Prop, and i6th Book III. of Euclid : See alfo Marius Betti- 
nus Vol. III. Book III. in his Bchol. upon Prop. I. of Euclid Book II and 
III, and in the following j as alfo in ‘theodof. "Tripol. Book I. of Spheres 
Prop. III. 

If now we fuppofe the Moving •f Power of any Gun-powder^ or the 
Flalh of it, to extend itfelf in fuch a Form as to have a plane Superficies 
towards the ProjeBile-, this Plane will ftrike and project it in a Point 
only : Therefore muft we conclude that the whole impulfive Qj^lity of 
it is not united, and that it adls upon a Spherical ProjeBile with only an 
aliquot Part of its whole Force ; for a Plane is compofed of an infinite 
Number of Points, whofe Adlions and Afie<ftions are all independent of 
each other; wherefore the Alfedion of the Central Point has nothing 
to do with that of the others extended all round it, nor has the leaft 
Communication with them; (but you muft here make Allowance for 
the different degrees of the Natural Solidity of Bodies, which quite al- 
ter the Cafe) on the contrary they inftantly move on, and difperfing in- 
to Rays which embrace the whole Convexity of the faid ProjeSHle^ and 
a^ing in an oblique Diredion upon the Points of the Convex Surface 
of it, they cannot be faid to drive it out with their compleat Energy; for 
oblique Rays are ftronger or weaker the more or lefs they decline from 
aftrait or perpendicular Diredion, the Truth of which may be demon- 



Where-ever in the Seqnet you meet with the 'Voxmi Mtv'tngPawtr, Moving Caufe, and fuch 
like, you are only to underftand by them the Plafh of the Powdtr in general j Thefe Temu 
are chofen to avoid Tautology. 
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ftrated from Vttelho% Optics^ See. Therefore we mtift conclude that 
the Flafli of Gun-^pvwder does not projedt a Spherical Body with its unit- 
ed Strength, and that a Sphere is almoil unfit to receive the Impulfe 
of it. But it is not thus with a Flat-bottomed ProjeSHk ; for as all the 
Perpendiculars which you may fuppofe to defeend from the Vertex or 
Convexity of it, terminate in the Plane of its Bafe, and whofe Points or 
Extremities compoie the Flat Bottom of fuch a Body, the Plane Sur- 
face of the Flafh muft impel it with its full and united Power j for 
every Ray of it muft of neceffity ftrike feme Point or other of the Bot- 
tom of fuch a ProjedHle in a right Diredtion, and rebound immediately 
back again, according to the Nature of the Rays of all Luminous 
dieSy with whom (as we arc taught by Optics) the Angle of Rcfledlion is 
always equal to the Angle of Incidence. Wherefore all the Rays in ge- 
neral being confined and refifted by the Body they would projedt, and 
having no room to efcape through the Windage of it, they Unite their 
whole Might to remove the Obftacle which oppofes their Freedom, and 
accordingly projedt it with prodigious Violence : And in this Cafe none 
of the Flafli will appear out of the Muzzle, till the ProjeSiik is depart- 
ed from the Piece ; nor will it wrap itfelf round the Sides of the pro- 
jedled Body, (as it does with refpe<ft to Spheres or Spherical Balls,) and 
foon after quitting it, retire to its Natural State of Reft j hut will ad- 
here to the Bottom of it, drive it forwards, and purlue it a confiderable 
Way through the Air, in proportion to the Pofition or Elevation of the 
Piece, with regard to the Horizon. 

Perfons who are ufed to judge of Things by the Lump, may conclude 
the Arguments I have here produced to be juft and well-grounded, and 
may conceive an Opinion that Flat-bottomed ProjeSiiles have a great 
Advantage over the perfedtiy Spherical Bodies, or luch as in any degree 
incline to that Form. 

Therefore having thus demonftrated, as clearly and fucdndlly as I 
could, a Matter which feems to have fome Truth on its Side, and which 
might be deemed a Fadt by fuch as are dim-fighted in thefe Affairs : I 
(hall do my utmoft to evince that they are poor, lame, unpolifhed Ar- 
guments, which ftand in great need of being filed and burnifhed. 

In order to which we muft examine into two Things {viz) Pirjl the 
Nature of the Moving or Expulfivc Power, the Properties, Qualities, 
and Manner of Adtion of the Flafh of Qun-povoder, and what Form it 
afiumes when it projcdls any Bodies. Secondly, why (contrary to the 
above Arguments) a Spherical Body is more adapted to receive the Im- 
pulfe of the Flafh of Gun-powder, or any other Moving Caufe, than a 
Plat-bottomed one ; and how it comes to pals that the nearer a Body 
approaches to a Spherical Form, it is the more fufcepribte of Motion. 

For the Firji of thefe : The Generation or Produftion of the Moving 
Power of Gun-Powder can be attributed to no other Caufe, than to the 
Fire which infinuates itfelf into it, and changes the whole Subftance of 
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it (it being naturally very fiibjeft to Tranfmutation) into another infi- 
nitely more fubtile, and particularly into fuch as is moft like itfelf* or 
which tends the moft to its Confervation and Increafej for it is laid down 
as an infallible Maxim, that each Element endeavours as much as poflible 
to reduce every thing to its own particular Subftarice, from a natural 
Inclination and Defire of Infinity and Eternity. This is amply verified 
in Fire, which has a boundlefs Ambition of furmounting and pofleffing 
itfelf of every Thing : And being (according to Scaliger) as it were the 
Prince of Elements, it greatly extends its Empire by a perpetual Domi- 
nation, uniting fome things, and feparating others, and exerting its 
Power over whatever is within the Sphere of its Aeftion, and accumu- 
lating whatever can be converted into its own Subftance. Thus when 
it feizes upon Wood, it knows how to diftribute the Humidity and 
Aflies to the Earth, the Exhalations to the Air, and never forgets to lay 
hold on what belongs to itfelf, which it takes Care to keep Pofleflion of. 
The fame may be faid with regard to Gun-powder, whofe Namre being 
perfectly Igneous, the Fire feizes upon the whole Body of it, excepting 
Ibme little Smoke and Soot, generated by the Coal, and certain grols 
earthy Particles impregnated with the Sulphur and Saltpeter, which 
ulually ftick to the Infide of the Piece. 

Therefore we will call this Virtue, and Moving Force of Gun-pow- 
der, a certain Natural Property of Fire, compounded of another 
which is extremely Subtile of itfelf, (which obliges Philofophers to fay 
that it neither burns nor fliines) and which is Spirable, Violent, Impe- 
tuous, Active : Thus this compounded Force difperfes, thickens, heats, 
ratifies and burns j is impatient of Oppofition, incapable of Condenla- 
tion, or Contradtion. But I fliould never have done were I to give a par- 
ticular Detail of all its Attributes ! 

Since now you have a pretty good Idea of this Moving Caufe, which 
never had any thing comparable to it j it is neceffary I Ihould £hew you 
its true and natural manner of acting ; before I fpeak of its Form. 

But I ftiould think myfelf guilty of a very great Slight to the 
learned Scaliger, if I did not here recur to his Arguments; (though 
I fhould not be at a Lofs to illuftrate it myfelf) for I dare fay, that no 
Man fince Arijiotle, has been fo diligent an Obferver of Things, 
or cultivated Natural Philofophy fo efiTcdlually as that great and 
learned Perfon. He fpeaks thus, in his Exercitat. XL Not only At- 
traftion but Impulfion is caujed by Rarifaiftion, as may be feen in Brafs 
^ubes Jilled with Saltpetrous Matter ; for the Fire in its Rarifa<3:ion en- 
deavouring to pojfefs itfelf of the Places neareji to it, muft necejfarily repel 
and drive forwards ’, which cannot be properly attributed to Y>t,Tt&xy\ And 
becaufe (he fpeaks to Cardan) this DoSlrine of yours has gained ground 



t- By this he means the IlatstUnt Epepanfm or the Windy Exhahtun produced by the Snlt- 
ptur. • - 
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atnongji the generality of People^ I f all here particularly dwell upon it. 

Tbu would have us underjiand it thus : (viz.) the Powder being converted 
into a Flajh of Fire^ cannot be contained in the narrow Space in which it 
was contained whilfi it was Powder ; therefore its Parts endeavour to con- 
denfe j but becaufe that is impojjible, they break out with great violence- 
But you do not here p,erceive that the Rarifadtion is Two-fold. The one being 
immediately joined to the Expulfon ; for it could not fiy out unlefs it was 
dilated: And the other which is the Caufe of its Condenfation, for it 
would not be condenfed near the Bullet, except from its Firf Accenfion it 
was fuccejjively rarifed. Thus is your Argument falfely grounded^ and no 
ways Metaphyfical^ and all from your Ignorance in what concerns the 
Moving Caufe : Indeed this Denfation is not only fecondar.y but acciden- 
tal alfo ; it being a Privation of the natural Property of Fire^ which is 
Rarifadtion. By what Rule of Nature then can the Privation of the 
Natural Property of Fire^ perform the Effedi of it ; which is Impullion ? 

Which Impullion is owing to the Endeavour of the Form (or Body) to fill 
up its Place. Moreover, Rarifkdtion is a Motion, by which the Things 
rarified extend their Bounds : On the other hand, Condenfation is a Motion 
by which their Bounds are contrail ed. Impullion is a Promotion of the 

Extream. * Therefore you are mifiaken, to attribute this. Motion to 
Condenfation. 

Here I would willingly check the Courfe of my Pen, were it not 
for the Noblenefs of the Subjedt, which leads u s on to a true Know- 
ledge of the admirable EfFedts, and unfpeakable Strength of Bali ft a, 

\ Scorpiones, Catapultce, Bows, and fuch \\k.t Warlike Machines (ynhich. 
we lhall hereafter explain, and defcribe by the moll Curious Figures)) 
in fhort, I find fuch Charms and lecret Virtues in the Words of this 
Great Man, that I muft let him purfue his Subjedt, whilfi: we follow 
him as clofe as our Apprehenlions will permit. Tou are as much mifta- 
ken when you attribute the Motion of Impulfion in Balillae to Rarifadtion. 

For it is performed by Condenfation ; becaufe whenever the Bow of a 
Balifta unbends it Condenfes. It is thereby made fi:orter, and confequent- 
ly mufi be contrasted. For which reafon it breaks fometimes in the bend- 
ing y becaufe it is rarified. Now if you ajf'ert, that this Rarifadtion is 
the Caufe why the Bow unbends and condenfes ; you will raife two Objedli- 
ons againfi your felf And Firfi : I jhall deny that it can be any way attri- 
buted to it. It is neither Form nor Matter, but an Accident, and a Priva- 
tion of Denfity, which is owing to the Bou>. It is not the EJfeSi : The EffeSi 
is Impullion. Is it the EJficient Caufe ? I deny it. No Being can ef- 
feSi what is its contrary, or diametrically oppofite to its Nature : No 

Privation ‘can perform the Office of its SubjeH. Rarifadtion is a Priva- 
tion of Denfity. The other ObjeSiion is : If you will have this Rarifadti- 



f Scorpimes were a Sort of Crofs-bows with which the Ancients ufed to Qioot Poifoned Ar« 
rows dec. 
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on to be the Caufe of the Impulfon^ becaufe it is Antecedent to the Conden* 
fation ; you Jhould allow the fame thing for Fire-Arms, in which the Rari- 
fadlion is always Antecedent to the Condenfation. If a Bow be broken 
it is becaufe it is too much rarified. ^Therefore we find that Tough 
Things cannot be broken^ becaufe of their BartSy which will admit of the 
utmofi Extenfion or Rarifadtion. Earthen Things breaky and will not 
bend. Metals may be rarifiedy and are therefore flexible. Why 
do the fame Bows break ij you deprive them of the Spring-pin, the Nut 
or the Arrow ? It isy becaufe wbilft they have any thing that retards their 
Contradtion, they are contrafled with lefs Violence but when they are 
devefied of all IncumbranceSy it is with a fudden Motion that they un^ 
bendy and are therefore Broken. This alfo happens to Wooden Hoops, 
which if they be bent eafily and graduallyy they will follow the Circu- 
lar DireSfion you would give themy but if they are Juddenly bent they 
break. If it be allowed y that the Concavity of the Bow when bent is 
condenfedy and on the contrary rarified in unbending, this will agree with 
us. Perhaps the Ratio of this Motion is in proportion to the exterior Cir- 
cuit of the Bow. But fome of the more Subtile may deny this Motion to 
be caufed by Impulfion j but to the preceding Caufe of Attraiftion. For 
the String impells the Arrow, becaufe it draws j and it draw! becaufe it 
is drawn. The Tradtlon or drawing of the String is the Firfi and Im- 
mediate Caufe \ Tradtion of the Bow is the Second and Lafi^ The 
Caufe of the Tradtion is the return of the Bow to its Site or ReBi- 
tude, which cannot be done without Condenfation. It is a Return of the 
whole, but a Condenfetion of Parts only. Truly this Motion is diffe- 
rent only in Caufe, and not in EJffeB. The Impulfion is a mere EffeB, 
and the Condenfation mere Caufe. TheTizOiionis theCaufe of the 
Impulfion, and the EffeB of the Condenfation. The String of the Bow 
is broken when it unbends without an Arrow, not for the fame Reafon that 
the Bow breaks fviz.) by Rarifadlion, but by the Strength of the Bow which 
pulls it violently at each End, in endeavouring to return to its free State : 
But if the String breaks in bending the Bow, it is broken by Rarifadlion. 

Thus far Scaliger. I fiiall now refume the Thread of my Efiay, in 
order to which we will firft confider the Form and Figure of this Mo- 
ving Caufe which is generated by Gunpowder. 

It cannot be doubted (if you conceive what has been laid above) 
that this Power is no other than Fire, or a certain inflamed Air or Va- 
pour ; fince it is evident that Powder is ahnofl: all Fire in Power (as 
Metaphyficians have it) before it is converted into a Flajh, and by the Ap- 
plication of Fire to it, it adlually turns into a Flame. From this it can- 
not be denied that it affiimes the Form of Fire. 

Now we have an infallible Argument to prove, that Gunpowder does 
affume the Form of Fire, from the nature of Saltpeter', which though 
it be derived from a Saline Humour, yet that Humour is not Aqueous 
but Aerial, and confequently hot like Air, and bordering upon Fire: 

and 
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and being violently and for fome time beaten in a Mortar^ it is greatly ra- 
rified and fubtilized, by being dcvefted of all grofs and crude Particles 
which might be impregnated with it, and therefore ftill approaches 
nearer to Fire. Now to tell you that it is no way incommoded by being 
incorporated with Co< 3 :/ and Sulphur^ would be a moll needlefs Repeti- 
tion of what I have already demonllrated. 

Again; Fire^ whether it be Natural, fuch as it is in its proper Sphere, 

(which is thought to be nearell to the Heavens) or whether it be Arti- 
ficial, which is commonly called Culinary Fire\ I fay, whether it be 
Natural or Artificial, it is a Body. I need not go about to prove this 
Aflertion, fince it is allow^ed to be fo by the joint Telliinony of the 
Learned ; and fince it is a Fa 6 l, which is obvious to the Senfes. Being 
a Body^ it mull necelTary be finite, and circumferibed within certain 
Bounds. Thus Philojbphers and Geometricians tell us, That a Superfi- 
cies terminates a Body, a Line a Superficies, and a Point ^ Line : and 
that Form or Figure is made up of the dilferent Difpofitions of them. 
Therefore fome of the Learned have attempted to reprefent the Ele- 
ments under particular Forms, in imitation of other Natural Bodies: 

From whence it is that you have the Four Elementary Bodies of Pla- 
to^ to which a Fifth has been added by his Dilciplcs, as you w'ill find 
in Clavius Chap. i. Spheer. Sacrch. fpeaks of them to this Effedl. 

Plato reprefents Fire under the Figure of a Pyramid or a Tetrahedron, 
from its ajpiring in a Point, or the Acutenejs of its Flame. "To the 
Air he attributes an Octahedron : For as Air is the next in order to 

Fire, fo an Octahedron bears the greateji Refemblance to a Tetrahedron, 
it being compofed of two Pyramids, fo the Water be aferibes an Icoli- 
hedron, becaufe of its great Mobility and FluShiofity. fo the Earth he 
allots an Hexahedron or Cube, becaufe of its Immobility ; for of all the 
Regular Bodies, a Cube is the leaf adapted to Motion, fo the Heavens 
a Dodecahedron ; for even as the whole Circuit of the Heavens contains 12 
Equal Signs, fo alfo a Dodecahedron A contained under 12 Equal Surfaces. 

But in the main you mull look upon thefe Figures as Emblematical on- 
ly : For who can believe that Fire artificially condenfed in the Hollow of a 
Cannon ox Mortar can alTume the Form of a Pyramid^ Or who can con- 
ceive that the Moving Caufe, which (as I have often faid) is a certain 
Windy Exhalation or Airy Expanfion, can put on the Figure of an 
Obiahedron? This it would be impoflible for it to do, except when it 
enjoyed its perfcCl Liberty to mount upwards. And therefore Fire as 
well as Water being confined and comprefied within any Body, puts on 
the Form of the Cavity wherein it is contained. As for Example, if 
the Windy Exhalation beforementioned, or rather the Flalh of Gun- 
powder, was by any Artifice condenfed within a Concave Sphere (fuch as 
our Grenada's) it would certainly alTume a Spherical Figure ; and fo 
lifccwifc when it is confined in the Chafe of a Piece of Ordnance, it 
mull take upon it the Form of a Cylinder. 
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As for the Figure of the Vertex of the Moving Power, or that End of 
it which ftrikes the FrojeBiky it is a difficult matter to afcertain any 
tiling about it ; nor can it be demonftrated any other way than by Con- 
jediire, or by Comparifons inftead of Arguments. It is very probable, 
that it endeavours as much as it can to enjoy its Natural Form ; which 
it may do in Confideration that the Projeiiile relifts it lefs than the Sides 
and Bottom of the Piece, and is not very capable of hindring it from 
alTuming what Figure it will : From whence it is likely it may break 
out into a Cone or a Pyramid, which are Figures feemingly natural to 
it ; add to which, that the main Strength would center in the Vertex of 
fuch Forms, which being repelled by the Ball, would return back 
again with redoubled Vigour againft it (by means of its Rarifaftion) af- 
ter the manner of fome Purges. On the other hand^ it is not impoflible 
but it may take upon it the Shape of an Hemifphere ; which does not 
appear very unnatural to the Form of Fire and Air when in their proper 
JSpheres, and is the ftrongeft of all Figures and Bodies : From whence 
it is that Porters are naturally led to ftoop to take up any Burthen, by 
which means all the Joints of the Body are colledled as it were into a 
fubftantlal Arch. The Fi£lion of Atlas, whom the Poets feigned to 
have fupported the Earth upon his Shoulders, gives us a familiar Idea as 
to this Doubt. 

But to give you the moft certain and rational Explication of this 
Matter, and that which is the moft univerfally received amongft Natu- 
ralijis-, we muff: firft make a Diftinition between the Situations and Po- 
litions of the ProjeBiles in our Mortars, from whence it will be con- 
fpicuous. You arc to underftand it thus. 

All the Mortars with which we projecft Pyrobolical Bodies (as we have 
often faid) have certain Chambers, which are to contain the Requifite 
of Powder neceffary to perform the Effedt required. Suppofe now that 
every Corn of Powder is at one Inftant inflamed ; and that the ProjeSHle 
cannot be driven out by it, till it is become an Expullive or Moving 
Power. Secondly, that your Projeftile is perfedUy Spherical, and that 
it immediately refts upon the Pmder, without the Interpofition of any 
Body between them. It is certain, that in this Cafe the Moving Power 
or Flafli 'will not ftrike upon the whole inferior Hemifphere of the 
Ball, but on that Part of it only which flops up the Orifice of the Cham- 
ber, whofe Dimitient Line is exadlly b or at leaft an Aliquot Part of 
the whole Diameter of the Superincumbent Ball. Now the Ball re- 
ceives all the Impulfe neceffary for its Projedlion, before the Flafh can 
make its Excurfion out of the Chamber, and whilft the whole Energy 
of the Flafh is confined in that narrow compafs ; which being once 
caped from thence, it expands itfelf, and is confequently greatly weak- 
ned. 

By this it appears that the firfl Shock is all that is needful, or requi- 
fite for the Projedtion of the Superincumbent Body. And if the Moving 

Force 
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Force or Flalh is really colledbed into an Hemifpherical or Pyramidical 
Form> it cannot be doubted (confidering its Denfity whilfl: in the 
Chamber) that it would impel a round Body moft powerfully, and 
hurry it out of the Mortar, &c. Nor muft you imagine, that it a<fls 
with lefs Power than if the ProjeSHle had been Flat-bottomed, for the 
Jkeafons above given 5 to which we may add, That the Flafh being 
ftrongeft, in its Excurfion from the Chamber, it imprefles its utmoft 
Force, and confequently gives a fufficient Motion to both a Spherical 
and Flat-bottomed Proje6iile, by means of that Line only which paffes 
through the Center of Gravity, round which all the Parts of the Pro- 
jedled Body are at reft. Moreover, as a Sphere reprefents a kind of Uni- 
ty, which may be properly enough faid to be but a Point } therefore if 
it be folid and made of any hard Subftanccj fo that by the Solidity of its 
Matter and its Form, its Parts cannot be ealily disjoined, it would be 
fufficient if it were ftruck in a Point only } for from that Point the 
Blow would be inftaiitly communicated to all the reft. And 1 am real- 
ly of Opinion, that this Impreffion would not have a more powerful 
Effedt, if it had ftruck the whole Flat Bottom of any ProjeBile : But 
on the contrary I believe it would be much weaker j for in that Cafe (as 
I have already faid) the Powder being extended, its Flaffi would not be; 
colledcd into a Body of fufficient or at leaft fo great Denfity, and con- 
fequently its Adlion would be fainter. Thus the Flat Superficies of the 
Flafh (if it be a Plane) is nd more adapted to imprefs a Force upon a 
Flat-bottomed Projeftile, than upon any others 

Moreovetj if any Body be placed beneath a Spherical ProjeSiile, or 
6 nc inclining to that Form ; or beneath one that is Flat-bottomed, which 
is equal in Weight and alike in Subftance with the Spherical one : As 
for Example, let us here fuppofe a Tompion to be driven upon the 
Powder in the Chamber in fuch a manner, that the Flafh cannot imme- 
diately ftrike either the one or the other of the aforementioned Proje- 
Biles, and that it muft give its Blow by means of the Tompion ; I fay, 
it is moft certain that whatever Figure the Flafh aflumes upon its Ac- 
cenfion, it will impel and drive out the Tompion with all its Might, 
and that either of the ProjeBiles muft equally fhare in the Impulfe of 
the Tompion, though their Motion would be unequal^ from the Ine- 
quality of their Figure, as fhall be obferved hereafter. What does it 
fignify if the Tompion ftrikes a Flat Bottom in feveral Points, or but 
in one, as it does a Sphere Since, as we have already faid, any Point 
of a Sphere is as it were the whole Body of it, and vice verfa,. the 
whole Body of it as it were a Point : For nothing is feperated from it, 
all its Parts are dependant upon each other, and the Excellence of its 
Figure admits of no Inequality or Defed in its Surface. As to the Rca- 
fon, why the Flafh, being cfcaped from the Chamber becomes weak, 
and unable to imprefs any violent Force upon a Projeblile of any fort, 

I have fufficicntly accounted for it already : But neverthelcfs I will once 
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more obferve to you ; that the. mote the Flafh is confined and refifted, 
the more furious does it become, and feems to be fuccefiively indued 
tvith new JDegreeS of.Fower, till it has forced its Way to Liberty. And 
it is for this Reafon, that befides the Wooden Tompions which are 
driven into the Chambers of Mortars^ they add certain round Boards, 
equal in Diameter to the Calibre of the Mortar, as we have faid elfe- 
where. Therefore wt may fay that thefe round Boards fuppiy the want 
of Flat Bottoms, fince they prevent the Excurfion of the leaft Atom of 
the Moving Power or Flafii till the ProjeSfile is departed. But they 
are of no farther tJfe after that Moment j for it is impoflible for them 
to purfue the projected Body with an equal Pace, whether they remain 
whole, or whether they be broken by the Violence of the Shock. 

Upon the whole, it is an eafy matter to prove that the Impulfe of 
the Flafh upon any Body is Inftantaneous or Momentary, from the Ex- 
ample of fuch Things as are thrown by Hand, or ihot from a Bow or 
a Balifia ; which are never accompanied in their Projection by the 
Moving Caufe, for it is fufficient that the degree of Force (let it be 
what it will) is once iinprefled. There are many of the Learned who 
maintain, that a Body being once put in Motion, would move on for 
ever, if its Motion was not deftroyed by fome Caufe j and they hold 
that this Afiertion would obtain in a Vacuum, or a Space deftitute of all 
fort of Refiftance, that might obftma and annihilate the Motion given j 
which Merjen'nus thus accounts for : •!* Whatever is produced cannot be 
deftroyed,. except it be attacked or affedled by Jdme defiruSlive Caufe ; for 
as no Being has the Power of generating or creating itfelf fo no Being 
tail be ftippDfed td protiCte its own PkefruBion. fhere are many great Men 
•who fhitih this to he true, fnce infallible Arguments to prove it may be de-> 
due ed from What IdeAs we have of it : For how can any Body be deprived 
of the Motion communicated to it, df it meets with no Cbfirukion or Caufe 
wbith is defruBive to it': For it may be fuppofed that God would no more 
deny his Ajffianceto Motion, which is a 'filing of real Exifence, than fo 
other Behlfr>s ; how then can it be annihilated or fupprejfed if it meets with 
no ifynpedimedts f 

Here \ fhonld be Very willing explain how a Body moves or fiies 
through a Rdifting Medium (fuch as the Air) if I thought this a proper 
Place for fuch an Effay But as 1 think it is notj I fiiall only remark, 
that Thofe are moft ftrangely out of the Way, who perplex themfelves 
in fuch inextricable Mifiakes, as to imagine, that the Moving Power 
oPGunpowder, puffues the Body for fome time during its Prqjciftion, and 
that adhering to it, it drives it on with frefli degrees of Velocity or at 
leaft afiifts if Tor fome time, and prevents it from falling to the Ground 
fofoon as it other wife would: For what Man living is fo ignorant, as 
not to be in Tome fort acquainted with the Nature of Firef or rather 
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who is he, that has found an Art, or that is able to bind that Element, 
which is fo Subtile, Volatile and Light, that Element which is fo 
difficult to be handled, to a Ball violently hurried through the Air ? Who 
obliges it to adhere to the Prcjefli/e without daring to forfake it? What 
magnetical Virtue can an Iron Bullet have, that jhould draw the Flafh 
after it ? But if I fhould grant all this, what would it fignify ? How 
could the Flafli imprefs new degrees of Force upon the Ball^ or by 
what Means could it fuperadd to the Motion at firft communicated? Or 
how could it prevent the Motion from immediately forfaking the pro- 
jeded Body ? For being once at full Liberty it becomes fo fubtile and 
rare, that it has none of that Strength it had at the Inftant of its Rari~ 
faSiion^ which Strength confifted purely in its Denjity^ and the com- 
paded Union of its Parts: Thofe who are obftinately bigotted to this 

Opinion arc no lefs miflaken, when they fay that a Gwi carries the fur- 
ther the longer it is j becaufe the longer the Flafli is confined in the 
Chafe of the Piece, fo much the longer does it attend the Bullet, tmdi pur- 
fue it the clofer. But w'e muft in charity believe that the poor Men» 
who reafon upon fuch a wretched foundation, are perfed Strangers to 
fome Rules in our Art, which teach; That if a Piece of Cannon is 
made longer than ordinary, it is not becaufc the Flafh fhould thereby be 
enabled to preged the Bullet with the greater Violence; but the Length 
is fo proportioned, that the Requifiic of Powder may be totally infla- 
med in the Chafe of the Piece, and that at the Inftant the ProjeBiie 
is departing from the Muzzle of the Gun, the whole Power of the 
Flafh may be united, and accordingly preged it with its utmoft 
Might. 

And here I muft: infonm you that the longer a Cannon is, fo much 
greater ought its Roquifice of Powder to be ; and on the contrary, the 
Ihorter it is, the lefs Powder does k require. For even as too great, a 
quantity of Pwjoder, rather hmders than aflifts the Projedion of the 
Bullet ; becauife it cannot be totally inflamed at the Inftant the Ball de- 
parts, and is therefore fpilt upon the Ground (though fome Pyroholijis 
have another way of accounting for this, which I fhall touch upon 
hereafter;) fo on the contrary, too fmall a Charge is totally accended 
before the Bullet has moved through the Chafe of the Piece. I fay 
then again, that the Flafti which accompanies a Bullet through the 
Chafe of a long Gun can by no means add to its Velocity, for the 
longer it remains in the Hollow or Chafe of it after its Accenfion, and 
the more Room it has to expand dtfclf, the more will it he rarffied, and 
confequendy it muft be poportionably weaker : So that if there was 
a Cannon of roo Foot in Length or more, whofe Calibre would only 
receive a Bullet of i 5b, which if it was allowed but the ufual Requi- 
litc for fooh a Ball, which is i lb of Powder-, 1 firmly believe that thp 
Flafh of fudi a Qu^^i^ty, in aceonapanying the Bullet through fo long 
a Chafe, -would be fo very much weakened, that it would fcarce be 

able 
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to drive it of the Piece, much lefs to project it to Any great Diftance. 
But we Ihall have a more proper Opportunity to fpeak of the due 
Lengths of Cannon^ together with the Weights and Sizes ni Bullets^ 
and their Requifites of Gun-p<mder, in Book I. of the Second Part of our 
Artillery^ where we Ihall treat of Cannon, 

Let what I have here laid luffice at once to demonllrate and.perluade 
you, that Pyrotechnic ProjeBiles with Flat Bottoms are not near fo 
well adapted to conceive a Motion adequate to the Impulfe given, as 
thofe which are Spherical or inclining to that Form. Now that what I 
have faid is in every refpedt true, I Ihall appeal to the Demonftration of 
Merfennus in •j’ Meehan. Lib, II. Par. III. Prop. 6 , 7 and 8, where you 
may confult him. 

From whence it will be evidently demonftrated, that any Projeftile 
inclining to a Spherical Form, makes its Way through the Air with 
more Eale, and penetrates through a Medium with lefs Difficulty, than a 
Cylinder with flat Bales or Ends. But to this it may be objected, that 
a Cylinder may not always have one of its Ends foremoft, nor purfue 
its Courfe like an Arrow, for it may happen that its Convexity may 
cleave and rowl in the Air j and that it may alternately cut it with its 
Convex Surface, and alternately with its flat Ends. But to this I reply 
in the firfl: Place i that it is not impoffible but that the End of it which 
is turned Outward in the Piece may be driven on foremoll. 2. That, 
though the Cylinder Ibould cleave the Air with its Convex Surface, yet 
that it would clear its Way with more Points than a Sphere j though 
they were both to be of equal Weight, and though the Height and 
Breadth of the Cylinder were to be equal to the Diameter of the Sphere, 
In this Cafe the Form of the Cylinder would be but little adapted to re- 
tain the Motion communicated to it. 3. That if the Cylinder Ihould 
whirl round in luch a manner, that its Convexity and Ends do al- 
ternaly prels forwards through the Air j it is very eafy to perceive, 
that there is but little difference between this Motion, and that by 
which it might move on direftly with one of its Ends foremoR, for its 
Ends muR always meet with an equal ReliRance as well at one Time 
as at another. But be this as it will, and whether the Cylinder rowls 
and whirls about (which is an Aftion common to all Round Bodies) 
or not; it is certain that its Motion is in no refpe<R like that of a Sphere^ 
and far from being equal to it. 

Here by my own good Will could I fllently pals over feveral ad- 
mirable Properties which are natural to a Spherical Figure ; but I can- 
not forbear inferring what Scaliger^ that Divine Spirit, has obferved con- 
cerning the Sphere, in hisExrmV. XXX. i. With whatever Motion a 
Globe is turned^ we always conceive it to generate a Form hke itfelf. 



f The Original has here a lonsj Quotation from Mirftnnus, which being in the main a mere 
PeJantic Repetition of what has already been faid, I thought it would rather perplex the Rea- 
der than help him. 



2. Being 
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2. Being whirled round upon a Point, it always fJls or fakes up the fame 
Space, which alfo is common to a -j' Cone from its circular Figure : Again j 
if a Globe chaitges its place, it defcrihes in the Air a Figure different from 
itfelf, (viz.) a Column j and at the fame time forms a Lane which is not hi 
itfelf but in Power, Betng rCwled or fet upon a Plante it touches it only 
in one Point, in which wonderfid Property it differs from all other Bodies : 
FIo’W then can a Solid Body reft upon that which has no Exijlence ? 2 - By 

one only 'Furn, it has two contrary Motions (namely) upwards and down^ 
wards withrefpeSl to its Circumference (I do not here fpeak of the Hea- 
vens, but of any Bali or Wheel ; ) they are farther contrary, becaufe the 
Downward Rotation is ?iatural, and the Upward unnatural. 4. Not- 
withfianding that it is one continued Body, yet fame of its Parts move with 
a greater Velocity than others : But you mujl here underjiand Velocity 
as L’wcffold -, (namely) when Bodies, or Parts of Bodies, go through as much 
Space in kfs 'Time, or more in the fame : Therefore the nearer its Parts 
are to the Outward Surface, the fwifter they move', and the nearer they 
are to the Axis, the fower. 

In fliort, the Circle and Sphere fhall clofe up this Corollary, though 
they themfelves are endlefs and they will not only conclude this Corol- 
lary, but this prefent Year alfo {viz.) 1649; the laft Hours of which 
our Prefs employs in printing thefe Lines. By God’s Leave we Ihall -to- 
morrow not only enter upon a new Corollary^, but a new Year alfo, a 
Year of Benedidion,. the great Year of Jubilee-, fo lofig wiflied for by 
the Chriftian World ! The Almighty, who has neither Beginning nor 
End, has this Day compleated the Circle of a wonderful Work, in 
which every living Soul mull hold its Courfe without exceeding the cir- 
cumferibed Bounds of it. To-mdrrow we lhall begin a New Year, 
which I wilh may be pregnant of Happinefs, Peace and Joy throughout 
the whole Face of the Earth : Humbly befeeching the ineffable Good- 
nefs, that fixing one Foot of the Compaffes of his Love in our Hearts 
and in our Souls, he would with the other deferibe a new Circle, which 
may excite new Degrees of Velocity in us, and haften us on in an im- 
mediate Tendency, towards the endlefs Blifs of a blelTed Eternity } to the 
End, that being far removed from the firft Point of that Impulfe, which 
naturally urges us to purfue and covet the Viciflitudes of Worldly For- 
tune, we may no longer be expofed to Danger amidll the Rocks and 
Shelves of our Folly : But that on the contrary, continually revolving in 
an endlefs circular Diredlion upon the fmooth Planes of Fortitude and 
Conjiancy, we may at length refumc the Place from whence we fet out 
(namely) Heaven, there to enjoy Eternal Life. 



•f" The Latin has it Pyramis, and the French Tranilator has rendered it Pyramide-, but Sca- 
nner to be fure means a Cone, which is by Mathematicians often defined to be a Pyramid of 
Infinite Sides. 
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COROLLARY II. 



Of feveral Sorts of Pyrotechnic Petards or Crackers prepared 
for various Military Ufes. 



CJ^TROTEC HNIC IjINS have feveral other Sorts of Crackers^ be- 
fides what we deferibed in treating of Fire-Balls, But as in under- 



taking this Work, I only propofed to dwell upon the chief Pyrotechm- 
cal iTTventionSy and fuch as are the moft frequently ufed j therefore re- 
jedting thofe which are the moft inconfiderable, and leaft ufeful, I ftiall 
refer our Pyrotechnictan to thofe Figures which he fees under Number 
Fig. iri. 151, diftinguiflied by the Letters A, B, C, D, E, F, G, H, I, K, L, 
The firft of them {viz.) A, is in no refpeffc different from that we gave 
you under Fig. 137; This will not only ferve for Fire-Balls^ hut allb 
for Garlands, Crowns, Bags, Fire-Hoops, loanees and Darts ; as may al- 
fo the two following diftinguiftied by R and C, notwithftanding that 
they differ a little from the Firft. The Proportions of Crackers Ihall 
be determined by the Size of the Body whofe Ufe you intend them for : 
But if you would have one fix’d determinate Proportion, you may allow 
their Orifices the Diameter of a Leaden Bullet of one Ounce, or two at 
the moft i and their Length or Height fhall be 5 Diameters, without 
reckoning the Point. This is the moft juft and proper Proportion that 
can be afeertained for them. As for the Loading of them, pleafe to 
look back on what we have already faid, to fave us the Trouble of a tirc- 
fome Repetition. 

The other Crackers which you fee, are much larger than the above- 
mentioned, and ferve commonly for Wooden Balls, &c. the Conftru- 
dtion of which we fhall give you in the following Chapters : The Firft 
of thefe {viz.) D, is perfedly like the Recreative Cracker which we 
gave )^u in Figure 107 under the Letter A. The Conftrudion of this 
is very eafy, and the Figure of it is very intelligible. It is ufually 
charged with Corn Powder to I of its Height, and the Remainder of 
it is loaded with Leaden Bullets, then flopped up with a Wadd of Pa- 
per or Tow. 

That which you fee in Letter E is a Triple one, that is, it contains 
two others left than itfelf j though limply of itfelf it is perfeftly like 
that which we juft now deferibed, {vizi) D. This is pierced with five 
fmall Holes, for fear it fhould mifs Fire j four of which are in the Sides, 
and Diametrically oppofite to each other, and the Fifth in the Middle 
of the Bottom of it. As for thofe diftinguiftied by F and G, they are 
almoft like thofe which we formerly reprefented under Fig. 106. Thefe 

three 
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three then fliall be ordered, that the Second may go into the Firft, and 
the Third into the Second. The greateft of them [viz.) E, is generally 
filled with Corn Powder to half its Height j upon which you (hall flip 
down the Middling one, into which you muft put the Leaft:, filled with 
Corn Powder j and Ibme Leaden Bullets^ after having filled the Second 
with Corn Powder in the fame manner you did the Firll j I mean that 
Vacancy of it which exceeds the Height of the Leaft. Moreover, the 
Middling one as well as the Leaft have Chambers filled with one of the 
Slow Compejitiom I have already given. 

The Third Cracker which you have in H, reprefents a little Copper 
or Iron Tube without Bottoms. When you would load this, you muft 
divide the whole Height of it into 3 equal Parts, whereof that in the 
Middle fliall be filled up with Corn Powder^ and the other two with 
Leaden Balls. You are to feparate them from the Powder with Paper 
Wadds ; they fliall like wife be wadded at each End. You fliall make 
two Touch-holes, or more if vou will, juft in the Middle of this 
Cracker. 

The Fourth of them, (viz.) I, needs no Explanation; for it is to be or- 
dered cxa<ftly like thofc whofe Profils you have in F and G ; though it 
muft be confefled .that it differs from them fo far as to be ufed fingly, 
admitting no others into its Capacity, and muft not on the other hand 
be lodged in any other when it is to be put in Execution. 

In fhort, the Crackers K and L, one of which is in the Shape of a 
Crofs, and the other of a Carpenter’s Square, are to be loaded like the 
reft, with one or more Leaden Balls according to their Capacities. I 
lhall leave the reft of their Conftrudion to the diligent and ingenious 
Workman, 



COROLLARY III. 

Of the fever al Sorts of Lacings, Mattings, and Ligatures of 
Fire-Balls, and the Terms futable to each of them, 

T Find nothing more difficult in the right treating of Arts and ScienceSy 
^ than toexprefs myfelf in proper Terms, and to call thofe Things by 
proper Appellations which we know nothing of but by continual hand- 
ling of them j for fcarce can our Eyes (which are Witneffes and Exami- 
ners of Things) give a faithful Account of them to our Judgment. 
In truth. Manual Pradice is of fuch great Importance, and bears fo 
large a Share in all Arts, that if you cannot execute with your Hand 
what you have conceived in your Mind, you muft look upon yourfelf as 
having a Soul without a Body. But as Defign and Drawing contribute 

greatly 
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greatly towards fiirnifliing us with proper Conceptions of Things, I 
have rcprefented to you the feveral Sorts of Lacings or Mattings of 
LallSj in the moft familiar manner the Nature of the 'Work would ad- 
mit of. 

Pyrotechnicians have given Names to the feveral Sorts of thefe, ac- 
cording to the Fafliion they are wrought in : The firft and moft fimple 
of which you have in Fig. 136 and 138, which the Germans call Reib'^ 
bont. The Second with its various Interweavings, which you have in 
Fig. 137, they call P alUn-bundt. That in Fig. 142 differs in nothing 
from this. In ftiort, the ftrongeft and moft artificial of them, which 
you have in Fig. 140 and 144, the Firft being wrought in Faftiion of a 
Role, and the other of a Snail, they call Rofen, and Schnecketi-bunt. But 
I refer you to skilful Pyrobolijis for an ample Information of what far- 
ther relates to this matter i as for me, I am in hafte to do other Bu- 
linefs. 



CHAP. VI. 

Of a Wooden Ball filled with Hand-Grenado’s, or a 
t Thundering Ball 

J tJ $ T as in Pyrotechnics^ Hand^Grenado' s are varioufly applied, fo 
their Ufes in Warlike Occurrences are very different. You need on- 
ly have a skilful Artift to put them in Execution at proper Times and 
Places. Now of all the Contrivances for Ihooting feveral Grenada's at 
one Projediion, I approve of the following the moft. 

Fig. IJ2. You lhall have an hollow Wooden Bally whofe whole Height lhall be 
to its Breadth (which muft be regulated by the Calibre of the Mortar) 
in a Supertripartient Proportion j that is, as 7 is to 4, though a Sefgui- 
alteral Proportion might do pretty well. The Bottom of it lhall be half 
a Diameter in Thicknefs, to be the better able to withftand the Shock 
of the Flajhy and lhall be rounded without and flat within. The 
Head or Cover of it muft be a Concave Hemllphere, and lhall be fitted 
to the Body of the Ball by a very nice Joint. 

The Vent of it lhall have a Fuze made either of Wood, Iron or Cop- 
per, whofe Height lhall be half of the whole Cavity of the Bally and 
its whole Breadth lhall be of the fame Dimenfions with the Sides of the 
Bally which muft be 1 of the whole Diameter of it. This Fuze muft 
be filled with one of the ordinary Compojitions for Fuzes. 



if 1 th nk tUii may a> well be called a Jhitnderi»2 aa a Bartel full of Grenade’s i$ called 
alhinderM^Stml. 



The 
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The whole Body of it fhall be filled with Hand-Grenado' and the In- 
terfticcs between them fhall be filled up with Corn Powder. Above all 
things you muft take Cafe, that all the little Fuzes of the Grenado’s be 
turned towards the Bottom of the great one in the Middle of them all, 
rfiat they may not fail of taking Fire. 

The whole being thus ordered, and the Head of the Ball firmly glued 
on, it fhall be dawbed over with Tar, and coated with a Cloth dipped 
in the fame : The Figure will give you a clear Idea of every thing re- 
lating to this; 



CHAP. VII. 



Of a Globe or Ball compofed hj fevtral others. 

^ I ''HIS Ball which I rcprefent to you in Fig. 153, is nearly both in Fig. 1^3* 
"*■ Form and Effeft like the Fire-Ball I gave you in Fig. 14 1 : There- 
fore I fhall refer you to what I faid of that, in regulating the Propor- 
tions of the Leflcr Balls contained in the Greater : But you muft at the 
fame time obferve the following Particulars. 

1. You may take Balls of what Sizes you plcafc; but the Thicknefs 
of their Shells fhall (accordiiig to our Figure) be f of their Diameters, 
but it may be more or lefs if you pleafe. 

2. The Balls fhall be perfectly round, as well on Account of the Ca- 
pacity of that Figure^ as for feVeral other Reafons already given. 

3. The Hemifpheres of the three Balls B, C, D, fhall exadlly fit 
each other; but the Fourth, {viz.) A, fhall be only an Iron Grenada^ 
whofe Convexity is armed with Leaden Bullets j though by the way, 
the other three may be made of Iron if you think proper. But let Us 
fuppofe them to be of Wood (which will not be very defpicable :) You 
fhall fill them with Corit Powder, and fome of thofe Iron or Copper 
Crackers, which we defcribed above in Number 15 1, under the Letters 
D, Ej H, I, K, L; and then glew the Joints of their Hemifpheres 
carefully together : The Figure will teach you how to fix them in one 
another : But I muft warn you to let the Grenada in the leaft of the 
three be fixed and immovable, and to let the Head of its Fuze be 
placed exactly under the Bottom of the Fuze of the Ball it is contained 
in. Each of your Wooden Balls fhall be afterwards re-infbrced with 
pliable Iron Plates of two or three Fingers Breadth, and then well 
coated round with a Tarred Cloth t Or they may be laced with a Cord 
like the Fire-Balls. If they are all made of Iron, you need only folder 
the Joints of the Hemifpheres ; though I am afraid the Soldering would 
break bv the violent Shock of the Fall : Therefore in fuch a Cafe it 

A a a a would 
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would be proper to coat them with a Roje Mattir^y which is the ftrong- 
cft of all. 

4. The Fuzes fc'r thefe muil be in Proportion to the Sizes of the 
Balhy and in the lame manner as we have direded elfewhere, and filled 
with one of the ordinary Compojitims we have already given for the- 
Fuzes of Grenado^s, 

It were needlefs to amplify upon the wonderful EfieiSs of this com- 
pounded i?^// : But I will venture to fay, if it be thrown in this Condi- 
tion into the midft of the Enemy, fo as to take them unprepared, it 
will kill as many Men_, and do as much Execution, as the Fire of an 
hundred Mufqueteers could do upon a whole Battalion. 

Obferve here in the JirJi Place, that I have reprefented but three 
Balls inclofed in a Greater : But you may have more if you pleafe, pro- 
vided they are in due Proportions to that which is to contain them all, 
whole Size mull be always regulated by the Calibre of the Mortar they 
are to be projetSfed from. 

Obferve here in the fecond Place, That if you Ihould not have MortarSy 
thefe Balls ma.y be conveniently (hot from a Balifia j if you think proper 
to revive the Ufe of that Machine : But I apprehend that this Projedi: 
will excite the Laughter of fome poor HeartSy who cannot fee beyond 
the Tip of the Nofc ; however, let them laugh or rail on, fince it is an 
unalterable Decree that Fools fhould always rife up againll "Truth, and 
lincq Ignorance fo weakens the Faculties^ as to render them incapable 
of bearing the Light of Reafon, who is the Daughter of Truth, who 
alfo is too bright and powerful for their weak Eyes, For my part, I 
have a due Regard for the Judgment of thofe great Perfons, who had a 
perfect Knowledge both of the Ancient and Modern jdrts of War^ 
without undertaking to perfuade thofe Spirits of Contradidion, who ap- 
prove of nothing but what is done by themfelves. 

Obferve in the third Place, that thefe Balls may be projeded by 
one or two Fires, jud like Grenadds or Fire-Balls j but they lhall (if 
they be made of Wood) be re--inforced with luch Iron Bafons as wc 
formerly mentioned, to enable them the better to withfhmd the. Shock of 
the Flafh, 



CHAP. VIII. 

0/ F I R E-R A I N. 



^TRO BO LISTS, amongft many other Inventions, have contrived 
a certain artificial Fire, which they throw at a Diftance into* be- 
fieged Places, ( and particularly when the Buildings are covered with 
Shingle and Laths, or thatched with Straw or Reeds,) which they call 

I Fire- 
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Ftre-Raifi, and which the Germank call Fewer Regen. The Pre- 
paration or Confediioa of this ip very commoH* a«d well known> 

Melt 24 lb of Sulphur in a fhallow Earthen Pan, over a veiy 
Fire, free from Flame or Smoke j and as it melts throw into it i6Tb of 
Saltpeter and mix Aem well togedier with an Iron Spatula,: As Iboa as 
they are melted take them off the Fire, and add to them 8 Ih of Corn 
Fmder'y mix them all well together^ and being cotJed pour ow tjhis 
Comp<^fit.i(tn^wpQn Polhhed Mar^le>. or Plates of any Metal ; and then di- 
vide it into Pieces of the bigncf&of a Walnut or Crab j and wrapping them 
Vp in Quick Tow, and faking them over with Meal Ftmder^ put them 
into a Wooden Balk (fuch as you fee in Fig, 154, which muft be of fig. 
die fame Dimenfitions with the Recreative Aerial Ballsy under Fig, 96^ 
and 97.) and fill up the Interftiqes between with good Com Powder, 
and cover them clolely and firmly up, and coat the whole with a Tar- 
red Cloth. 

The Priming. Chamber and Fuze Ihall be filled with one of thofe 
Gompojitions which we ordered for the fanie purpofe with reg^d to A- 
erial Recreative Balls, or elfe with one of the common Fuze Compp^ 
tions for Grenada's. In fhort, as for any thing elfe relating to this Balh 
I refer you to the Figures beforementioned. 

I mufi: only warn you of one thing, which isj that the Mortar mujft 
be fixed at fuch an Elevation that the Ball may break in the Air ; upon 
which you will immediately fee a Rain of Fire, defeend, and fcat- 
tcr abroad: Thus falling and fpreading over fevcral Buildings, k 
will fet them on Fire with the fame Eafe and Certainty as if the whole 
Ball had fallen upon one in particular. 

Befides the above Compojition (which the Germans call Gefibmolfzen- 
zeug) you may ufe one of the following, which muft be prepared in 
the fame manner wc juft now diredled. 

I. 

Take of Sulphur 3 tb, of Saltpeter 1 Ibj of Corn Powder 1 lb, of 
Filings of Iron or Hammer-Jlaw t 5 fs, and of Powder of Glafs lb f$. 

II. 

Take of Sulphur i It, of Saltpeter 1 It, and of Corn Powder 
I It. 

Thefe two Compofitions I have borrowed from yofepb Furfenbach, 
as well as the following j which become very Slimy and Vifeous, when 
diflbived by Fire, and that in fo remarkable a degree that what with 
their Slownefs and Tenacity, it is imp^ble to tear them nff from any 
Place after they have onceftuckto it: Thofe who are knowing in 
this Art affure us (with our Author) that thefe Comp^ions ytiMhurn 
throi^h a pretty ftrong Iron Cuiraft; and hay ii^ myMf experimented 
them upon a Copper Plate of about the Thkkneft of a Line, I can 
venture to recommend them to j’ou. 



III. Take 
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III. 

Take of Sulphur of Galbanum of Saltpeter and of 
Com Powder 

IV. 

Take of Sulphur ^v, of Saltpeter of Colopbone 5 j, of Com 
Powder ^ifs. 

In *!• La Port's Natural Magic we find two Compojitions exactly like 
thcfe, which he gives us in the following Terms. Warlike Machines 
are fometitnes charged with thefe Compofitions j from whence they Jhoot 
certain Balls of Fire, which break j (Here he agrees very well with us) 
they are prepared as follows. ‘This Powder is wrapped up in Tow, jieeped 
in the Mixture we have already mentioned j (He jull before gives us a 
wdnderful Compoftion which burns in Water) they load their Machines 
with Balls fieeped in this Mixture, and projeSl them at the Enemy. Some-- 
times injlead of Oil, and to make them more Fiery, they fubfitute Swines 
Fat, or Goofe Greafe, with Sulphur Vivum, or Quick Sulphur (which 
the Greeks call atru^v) Oil of Sulphur and Petrol; Saltpeter highly re-- 
fined \ Rofin ^Turpentine, ^ Tar, Oil of and fometimes to 

give it a Corfflencethey add Rafpings o/'Lawrel or Bay: Thefe being Jhut up 
in a Glafs Vejfel, muji be buried under a Dunghil or a Dung-heat for two 
$r three Months, renewing it every Ten Days, and Jhaking the Compofiti- 
on. -tifter which if the Compofition be fired, it burns till it is totally 
confumed, and is rather increafed than reprejfed by the throwing of Wa- 
ter upon it', but may be totally fuffocated by Dirt, Earth or Dufi 
If it falls upon Armour, the Men look as if they were on fire, and muji 
be either burnt alive, or elfe throw their Armour away. 

We Jhall give you another whofe EffeEis are fill more extraordinary, 
^Turpentine, o/" Tar, ^ Varnifh, ^ Pitch, ^ Frankincenfe, 
and of Camphirc each one Part ; of Sulphur Vivum i} Part, of Salt- 
peter doubly clarified 2 Parts, of Brandy 3 Parts, with as much Oil of 
Petrol or Naptha; to which you may add a little Dufi of Willow Coal. 
Mix thefe well together and make them up in Balls, or fill little Pots 
with them, and they will burn with inextinguifisable Rage. Whoever has 
the L^ifure and Conveniency of trying thefe Compofitions will find 
them to anfwer what is faid of them. 

COROLLARY I. 

The Compofitions I have now given you (excepting the two lall, 
which I took from La Porte) mull neceflarily be melted, and well in- 
corporated together, in doing of which it muft be owned that you will 
run great danger of being burned ; and I remember to have feen Py- 
robolijis who have met with that Misfortune for want of due Care and 



t Jo. Bip. De la Fon. Lib. [I, Cap. X, 
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Precaution. Now to avoid all fuch fad Accidents, I lhall fubjoin a 
Compojition which (lands in no need of being melted at all, and is to 
the full as effedlual as the Former. 

Take of Sulphur 16 It, of Saltpeter 8 It, of Crude Antimony 2 IB, 
and of Corn Powder 4 It; beat, mix and incorporate thefe well together : 

Then dilTolve common Glue in Boiling Water, or (if you will) Gum A- 
rabicy or that of the Plumtree or Cherrytree in Cold or Lukewarm 
Water, and pour it upon your Compojition in a glazed Earthen Pan ; 
mix the whole well together either with your Hands or a Spatula^ and 
make it up in Balls of what Sizes you pleafe;or to expedite yoUr Work, 
pour out your Compojition upon an Iron Plate, and cut it out in Lumps, 
and fet them to dry in the Sun, or in a Fire-pan, where they may dry 
by flow degrees. In (hort, when you would ufe them you mull ob- 
ferve the Kuki already laid down for their Projedlion, 

COROLLARY II. 

Hijlory will bear witnefs, that this Fire-Rain which we have fo 
amply dwelt upon, derives it Origin from the Grecian Fire of the An- 
cients. Some ( as I have already obferved Chap. I. of Rooh II. ) attri- 
bute the Invention of it to one Marcm Gracchus but Johanmt Zono- 
ras alTures us it was invented before the Time of Conjiantine Pogonatos 
Emperor of Greece. Nicetas Choniates in laacio fpeaks thus of it. 

1 "hey threw among ft the poor Inhabitans of the Sea-Coajls a certain 
kind of Grecian Fire which was held in PotSy and which fuddenly broke 
out like Phundery and fet Fire to whatever it could reach. 

Others have called this Grecian Fire Tru^vy^os (which is as much as 
to fay) IVet FirCy becaufe it was obferved to burn upon Water, and 
powerfully to repel all Moifture. Now to keep my word with you, 

I (hall give you the ConfeSHon of it, juft as I took it from Scaliger * 

•f* Now for Fires and Fiery Compofttions, which you undertake to injirudf 
us in-y (he fpeaks to Cardan) but I wonder you have not yet difeovered 
bow they are called. We have many Writings extant which call them 
Grecian Fires ; one or two of which I fall willingly fubjoiUy as I took 
them formerly from Arabic Rooks. F'\rt which dejiroys Iron was invent- 
ed by the Son of Amram. 'Fake of Tsay (it is thus I interpret hexF) of Gum 
Juniper, wHch is alfo called Samag Agar, and corruptedly Sandarax, Oif 
^Turpentine, Oil ^Bitumen, Oil ^Sulphur, Oil o/Nitre, or Saltpeter; 

Oil of EggSj and of Oil of Lawrel or Bay, each Six Parts. Powder of 
Dhmeft or dry Bays, and ^Camphire macerated in Brandy; of each hf 
Parts. Of Saltpeter; to the whole Weight of them all. Put all thefe into 
a Glafs Ve£el with a narrow Neck well luted and flopped upy then bury 
it in Horfe-Dung for 6 Months. Phis Compofition Jhall be jhaken every 

fourth Dayy and then Diftilled in X Seraphino. We have a Defeription 

■I Exercit. XIII. I take this Term to be of Hthrtw Extraction, and tb fignifie no 

more than difliliing it tvtr a Eire. 
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of another fort in Catalan tongue, ^be Rcfiduum ^Turpentine af- 
ter the Oil of it is drawn of \ Oil ^Turpentine; ^Tar, of Rofin or 
Pitch of Cedar, ^Camphire, ^Bitumen, ^ Mummy, ^New Wax, 
of Duck’s Greafe, of Pigeon’s-Dung, Oil of Sulphur Vivum, Oils of 
Juniper, oj Lawrel, e/'Linfeed, o/* Hempf^, ^Petrol, Oil ^Tyles, 
and of Oil of the Yolks ^Eggs, each half a Pound. Of Saltpeter lo it> ; 
of Sal Armoniac 7 Ounces. Let all tbefe foak in Brandy in fucb manner 
as to be covered by it ; then buried in Horfe Dung, and renew it every 
third Day. T’ben draw off the Spirit a Seraphino, which you jhall thick- 
en with Ox Dung reduced to a very fine Powder: It is this that Semimau- 
rus calls Miraculous ; either becaufe it takes Fire by the Heat of the Sun, 
or is not to be fuppreffed by any means, but by Vinegar, Urine, or Dirt : It 
burns obftinately in Water. 'Fhefe Fires are thrown in Pots at the Enemy, 
which fort ^Pots was called by the Greeks, 

It appears then that the Grecian Fires had the fame EfFeft, and were 
applied to the fame Ufes as our Fire-Rain (namely) to let Fire to be- 
fieged Places: But there is one Thing which I Rumble at; for to tell 
you the plain Truth, I cannot well conceive how this Fire could be 
hid and Rifled (as Nicetas Choniates fays above) fo as not to perform its 
£Re<^|||||||cfore it reached the Place at which it was thrown. Were the 
Veffels It was thrown in contri ved after fome Rich manner as thofe Grena- 
dds which we have called Blind? Or were they made of Clay, and or- 
dered like our Fire-Pots with lighted Match, &c? Or (what I am moR 
inclined to believe) did they fire the Matter in thefe Pots, before they 
were projected towards the Places they were defigned for ? 

For my part, I cannot perceive what Riould oblige them to break, if 
they were not made of Clay or Wood ; for it would be impoflible for 
this Igneous Stuff to break them by its own Strength, had they been 
made of Iron or Copper ; inafmuch as its Power extended to a certain 
degree of Violence, and inafmuch as it was fufceptible of an inextin- 
guifliable Fire : For notwithRanding that it had a good Quantity of our 
Gun-powder Ingredients in it, (which I doubt) it would not be Rrong 
enough to burR Pots made of any hard Metallic SubRance, as is done 
by our Powder, to whom alone that Power is granted, and denied to all 
other Things whether Natural or Artificial. There have been thofe 
who have related Wonders concerning the flrange Effects of Aurum Ful- 
viinans, by which it feems even to furpafs Gun-powder (to which I have 
partly confented :) But as its Operations are diredly oppolite to thofe of 
Powder, and fince it is of no Ufe in our Fire-Works, we will not give it 
a Place amongR thefe combuRiblc Things. But to return to our Gre- 
cian Fire', we have a familiar InRance of the natural Imbecility of it, 
in our Pyrotechnic Compofitions which we call Slow, which (befides that 
they are compounded of fome of the fame Ingredients as the laid Fire,) 
are made up not only of Saltpeter but alfo of Meal Powder, and even a 
Portion of the fame in Corns ; yet if you fill a Fuze or a Shell with 
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them, they will burn without doing the lead: Damage to the Veflels 
which contain them, except they are very thin and flight, or are not 
well re-inforced with a proper Coating, or except the Fire is too much 
confined. Moreover* we make Slow Compojition of Meal Powder only* 
which if it be put into Wooden or Paper Cafes, and fired, it will not 
in the leaft hurt them : How little then would it be able to burfl: Veflels 
made of Iron or Brafs, like our Grenada's, which are with difficulty af- 
fected even by our Corn Powder ? For I muft remind you, that whenever 
the Corns of our Powder are disfigured, they are divefted of their 
Strength, and are lb far from being able to break Veflels made of Metal* 
that they would not fplit them if made of Wood, provided they are of 
moderate Thicknefs, well coated with tarred Cloth, and re-inforced 
with ftrong Cord or Marline. 

We will conclude then, that the Veflels which held the Grecian Fire 
were made of fome Wood or Metal, and that they were open, and not 
covered up like our Fire~Pots, which are at prefent in luch great Requeft 
with us. Say we farther j that the Matter contained in them was co- 
vered by fome very Slow Compojition, to prevent the Fire from feizing 
upon it, before it had arrived at its intended Length. Or clfe wc muft 
believe, that it was covered by fome fort of Spunge, or that it had 
lighted Match in the Mouth of the Vcflel* which perhaps was covered 
with a Cloth, or fome loole Wooden Lid j and thus the Matter being 
accended, flew out impetuoufly, and confequently burned and deftroyed 
every thing within its reach. 

However I do not deny, but thole Who ufed this Compojition might be 
ingenious enough, to contrive that thele Pots of Earth or Wood Ihould 
break in the Air, from whence the Matter they contained, falling and 
fcattering abroad unlighted j it would be impoffible to fee it fall, or to 
diftinguilh it after it was fallen, and accordingly at firft it did no Da- 
mage : But being foon afterwards kindled by the Heat of the Sun 
(which is not impoffible, according to Scaliger) or accended by the 
Wind, or Rain, or Dew (I lhall give you fome fuch Compojitions here- 
after) it muft confequently take Fire, and burn whatever it fell upon. 

Now perceiving that Compojitions of this Nature made into Lumps or 
Cubes, and Ihut up in a Wooden Ball, may be fcattered abroad in the 
Air by Gunpowder, and fall down lighted or unlightcd into befieged 
Places ; I thought it would not be amifs to infert the following Compoji- 
tions, and to inftrudt you in the Confediion of them, according to the 
Dire<ftions left us by Authors; notwithftanding that what I have already 
given you from Scaliger is none of the moft unfit for our Purpofe. 

Fa Porte faith : *}- ^here is a Compofition which catches Fire hy the 
Heat oj the Sun; particularly in thofe Regions where the Sun is very pow- 
erful ; which muji be compounded of very Igneous Ingredients ; for Ex- 
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ample: I’ake <?/'Camphire,£/’ Sulphur Vivum, ^Turpentine, ^Gum Ju- 
niper, tfWOilo/* theYo\k^ofEggS'itogetherwifb"V2X’,Voy/ditrofQo\o^hont^ 
^Saltpeter, and of Bran4y the double of them all^ and a Arfenic 
•with as much Tartar: jdll thefe being pounded and well mixed^ put them 
into a Glafs Vejfel^ and bury it for two Months under a Horfe Dung-hill^ 
which muji be frequently renewed^ and the Compofition as often jhaken : 
^hen draw off the Liquid Part of it in the fame Veffel it had been buried 
in, (as we Jhall Jhew hereafter) which Liquid Jhall be thickned with fomt 
of our Powder ( he means a certain Powder which he had juft before 
mentioned for Water-Balls') or with Pigeon’s Dung finely pulverized, fo 
as to give it a pretty denfe Confifience. (This may be made up in little 
Lumps.) With this dawb over all the Wooden Work or combufiible part of 
a Houfe upon fome hot Summer’s Day. All this is afcribed to Marcus 
Gracchus. Pigeon’s Dung is of a very fiery Nature .* (I muft obfcrve 
here that the Dung of Geefe, Ducks, Hens, &c. being well dried, is 
alfo very combuftible i but he goes on ) Galen relates, that in Myfta, 
which is a part of Alia, there was a Houfe burnt by the following Accident. 
A Parcel of Pigeon’s Dung being thrown under a Wooden Window, which 
bad been lately done over with Rofin, fo as tb touch it : fhis Dung being 
rotted, and much heated by the Sun upon a ’very warm Day, and emitting 
very hot Vapours, the Window took Fire, which foon after got hold on the 
Roof and in a little time fpread all over the Houfe. 

The fame Author faith in the fame Place : ^hat if you would make a 
Fire which Jhall be extinguijhed by Oil, and accended by Water, you mufi 
confeB it of fucb Sthings as burn the mofi readily in Watet , or that burn 
in it of their own Accord, fuch as Canfiphire and Qmck Lime : From 
whence it is that if you make a Compofition of Wax, Petrol, and Sul- 
phur, it will be extinguijhed by Oil or Dirt ; but if you throw Water upon 
it, it will revive and burn with renewed Vigour. Of this Compofition 
they make Torches which burn in great Rains, or in crojjing of Rivers. 
Livy tells us, that certain old Women, at a time when they were celebrating 
their Games, took Torches made of this, and fwam over the Tyber with 
them, by way\of Mirachi 

Cardan faith : -f- Khat Water accends violent Fires ', becaufe the Moi- 
fiure it exhales is rendered more Fat a?id Greajy, and is not wajied or de- 
firoyed by circumfufed Smoke, but is totally devoured by the Fire ; from 
whence being purified, and united by the Cold, it fprings up with the greater 
Alacrity ; and therefore thofe Fires which are excited or accended by Wa- 
ter, Jliall he compounded o/’Ship or Greek Pitch, of Sulphur, of the Lees 
ofWmt, commonly called Hzxm, Sarcocolla, Saltpeter W Petrol : {all 
this is attributed to Marcus Gracchus.) Fo thej'e muft be added a double 
Portion ^ Quick Lime, and the Yolks o/’Eggs ; thefe mufi be mixed well 
together, and buried in Horje-Dung. 
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The fame Author in the fame Place : T'ake Oil of Petrol, Oil 
niper Saltpeter, of each equal Parts , ^ black Pitch, of the of 

GeefeW Ducks, ^Pigeon’j Dung, ^Liquid Varnifti, the fame Parts 
of each j of Afphaltites or Bitumen five Parts; put them all into Brandy, 
and bury them in Horfe-Dung. 

The fame Author in the fame Place again : 'Take ^Liquid Varnilh, 
^Oil^ Sulphur and Juniper, Oil ^Linfced andVtxxoX, and of T\xr- 
pentine, equal Parts of each 5 ^Brandy 3 ^ Parts : Then ^Saltpeter and 
dry Lawrel Wood both well ptmdered^ enough to thicken the Whole ^ and 
give it the Confidence of a Lute. Put all thefe into a Glafs Vejfel, and bu- 
ry them three Months in Horfe-Dung. If the Balls made of this fiick to 
any Woody they will be accended by Rain: However y they will not always 
anfwer to this EffeSi j but being once enkindledy they never fail to burn in 
fuch a manner y that it will be to no purpofe to endeavour at extinguifhing 
them by Water. 

Scaliger faith : - 1 * I afterwards met with a little Book which teaches how 
to make feveral Sorts of Salt, and Alum, and to confeSi a Fire which will 
be accended by Spittky and was frequently ufed by Thieves and Robbers ; 
{Pyrobolifis may ufe this in the honourable Robberies of War.) T %ke Oil 
^Sulphur, ^Turpentine, Cedar, andTocCy of each 14 Ounces 'y of 
Saltpeter 16 Ounces % Sal Armoniac, Vitriol, calcined Tartar, o^each 
8 Ounces j calcined Loadftone, Quick Lime of River Pebbles, of each 
half an Ounce; Tallow andDuc]LS Greafe, of each 6 Ounces. Being all 
covered with Brandy, bury them in Horfe-Dung for three Monthsy (in the 
Margin it was written in the :J; Dung of a Mare with Foal.) It muft be 
jhaken every fourth Day j then heated over a Fire that the Liquid Part of 
if may evaporatCy and the Faeces or hard Part remain behind : Then break 
the Vejfel to get at ity and pulverize it. If the Powder of this be fc ut- 
tered over Water it burns vehemently. This I have inferted to evince how 
great an Enemy I am to fuglers and Mountebanks ; upon which Account 
alfo I Jhall add a Fable framed by Ct. Cnidius : This worthy Gentleman 
pretended that he knew how to extradi an 0 ]\y from a certain River Worm 
^ India, with which the Kings o/’Perfia ufed to burn the Enemfs TownSy 
by only dawbing or fpriiikling them over iti 

AB»lian. Lib. V. Hiji. Arim. Cap. V. G? Ammianus Lib. XXIII. relate > 
That the Kings of Perfia ufed a certain Oil with which they fet Fire to 
Towns, and burned down their Gates, and that it was impoflible to 
fupprefs the Flame of it even with Water, it being namrally able to 
withftand the Effedls of that Liquid Element. This Oil was made of 
Petrol or Naptha. But if what Ct. Cnidius fays of this Perfian Oil ap- 
pears fabulous to Scaliger y what would he have faid of a certain Water 
mentioned by Leonard Fronsbergery which has fuch an extraordinary 
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Property^ that if a Piece of Cannon be charged with it, it will projed a 
Bullet to the Diftance of 3000 Paces? He orders it to be compounded of 
6 Parts of a Baltfetrom Lixivium, 2 Parts of Oil of Sulphur, 3 Parcs of 
Water of Sal Armoniac, and 2 Parts of Oleum or Balfamum BeuediBum. 
For my part, I can fay nothing of this till I have made tlie Experiment. 
But upon the Whole, I do not apprehend that Scaliger had any great 
feafon either to lay or believe, that what he fpeaks of above is a Forge- 
ry and a Jugling Trick ; for I am perfedly of Opinion, that it is not 
impoffible to be true ; arid you may venture to think it a Fad, fince I 
myfelf have found by Experience, that it is an cafy matter to make Com- 
pojitions, which will immediately catch Fire by fprinkling them over 
with Water, and break foon afterwards into a Flame, without the leaft 
Application of any Fire whatfoever to them. Now this Accenfion is 
purely owing to ^ick Lime, to which you add certain Portions of hoc 
and fiery Subftances : I fhall give you two of thefe Compojitiom of my 
own Invention, and which I have tried myfelf. 

I. 

Take of Saltpeter 10 lb j of Sulphur Vivum 6 It j and of ^ick Lime 
2.0 lb. 

II. 

Take 6 lb of Saltpeter', 4 lb of Sulphur-, lb fs of Frankincenfe lb fs 
of Linfeed Oil-, J iiij of Oil of Petrol-, B lb of Gun-powder-, 12 lb of 
fluick Lime -, and one lb of the "Juke of Oniom» 

The two following are from Fnsmberger. 

I. 

Take equal Portions of Copperas-Water, Sulphur, and Oil of the Tolks 
of Fggs, and putting them into a glazed Earthen Pan, fry them over a 
good Coal Fire, till they have acquired the Confiftence of a Conferve j 
then add to them a fourth Part of Wax, and incorporate them well to- 
gether ; Preferve this Compojition in an oiled Bladder, and Hop it up 
clofely with Wax fo as no Air may have acccfs to it. Our Author af- 
fures us, that this Mixture being expofed to the Wind in any open 
Place, it will take Fire, and that being wetted by Rain, it flames out, 
and that the Fire of it fpoils, deflroys and devours every thing within 
its Reach. 

II. 

Take ^ick Lime Venice, Gum Arabic, Sulphur, and equal 

parts of each j incorporate them well together j and when you have a 
Mind to make Tryal of the Effefts of this Mixture, fprinkle it over 
with a little Water, and it will be lighted, and dart out Flames on all 
Sides. 

To thefe two I fhall add a Third and Fourth, taken from ’Jerome 
Pujjfel an Italian : The firft of which is the Competition of a Stone, 
which being put into Water, or only moiflened with Spittle immediate- 
ly takes Fire. Take then ^kk Lime, I’utia unprepared. Saltpeter fe- 
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veral times clarified (according to the lafl: Method I gave you) and 
Loadjione^ of each i Part j Sulphur Vivum and Camphire^ of each 2 
Parts : Put them into a narrow Earthen Pot, and this Pot into a large 
Crucible, and cover it with another of equal fize ; tye them faft toge- 
ther with Iron Wire, and lute the Jundures well up, thdt it may be 
impofliblc for any Air to infinuate itfelf} in Ihort the Lute being 
thoroughly dryj you fhall fet thefe Crucibles into a Lime or a Brick 
Kiln^ and as foon as the Lime or Brick is fufficiently burned, take 
your Crucibles out and break them, and you will have an hard Body 
like a Stone. 

The other of this Author’s Invention is thus ; Take of Oleurrt 
nediBum i lb, of Linfeed Oil 3 lb, of Oil of Eggs i lb, of ^ic^ 

Lime 8 lb : Mix and incorporate all thefe together according to Art* 

He affures that if any Thing whatfoever is fmeared over with this it 
muft infallibly be burned, nor can the Fire of it be fuffocated by any 
means, particularly if never Co little Rain falls upon it. There are 
thole who attribute the Invention of this to Alexander the Great. 

Thofe who would be farther informed of this Matter, may confult 
thefe Authors, who will give them all the Satisfadlion they can wilh. I 
Ihall only fay that thefe Compojitions^ when well prepared and proved, 
may be applied to fevcral tJfes in Pyrotechnics ; for befides the feveral 
purpofes for which they were invented, they may ferve to burn any 
thing in Water. Thus if you would burn a Wooden Bridge^ you may 
at Low Water, fend little Boats or Wooden Chefts down the Stream 
towards it, well bound with Iron, and filled with Hand Grenada* s^ 
the Interftices between which may be filled up with one of thefe Coot- 
pojitions', taking care that thefe little VelTels or Chefts be well ftiut up, 
and payed with a good Coat of Pitch, leaving only a very little Hole, 
through which the Water may inlenfibly drop amongft the faid Mix- 
ture j and taking care to order the whole of it fo that it be exadly of 
the fame Specific Gravity with Water, for Reafons formerly given, 
that it may with the more cafe be carried by the Stream to the Bridge you 
have a Defign upon j which your Chefts may catch hold on by Hooks 
or Graples artfully contrived for that Purpofe, till the Grenada's take 
Fire by means of the Compojition by which they are encompafled round, 
and by their ufual Effects ruin and demolifti the Bridge they ftick at. 

If your Curiofity inclines you to fee thefe little VelTels fwimming un- 
der the Surface of Water, you may find them in Merfennus in his Co- 
roll. II. Prop. 49 of his Hydraulics^ and in Book II. of his Art of Na- 
vigation 2s alfo in Harmon Prop. 6. Advert. V. From whence the 
Ingenious Pyrobolifi may fiirnifti himfelf with a great many fine Hints; 
and put them in pradice in his Artificial Fireworks. For my part, I 
Ihall content myfelf with having pointed out to you the Places where 
you may find them* 
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CHAP. IX. 

Of LIGHT BALLS. 

I N the Firji Part of this Book^ in Chap. III. and Coroll, L we fhewed 
you how to prepare Recreative Light Balls: I am now going to give 
you the Military Sorts of them, which are more dangerous and better 
adapted to do Execution in the the Occurrences of War, They are thus* 

SORT I. 

Take equal Qiwn titles of Sulphur^ Pitchy Rojin and T^urpentine^ and 
melt them in a glazed Earthen, or Brafs Pot: Then take a J 5 <z// either 
of Stone or Iron, whofe Diameter is fomewhat lefs than the Calibre of 
the Mortar or the Cannon it is to be Ihot from, and dip it all over in 
this Melted Stuff ; which done, take it out and rowl it gently in Corn 
Powder. Then wrap it up in a Cotton Cbth, and immerge it again 
into your Compojition^ and taking it out again rowl it a fecond time in Corn 
Powder^ and wrap it up again in a Cotton Cloth j in fhort, repeat this O- 
peration till your Ball is of due Size: But you muft take care that the 
Laft Cruft or Coat of your Ballho, of Corn Powder. Being thus ordered 
fix it in your Mortar or Cannon naked as it is, without any farther Cove- 
Fig. ijf. ring, and projeft it where you pleafe. See Fig. 155, diftinguifhed by 
Letters A and B. 

SORT II. 

Take of clarified Saltpeter i Part, of Sulphur i Part, of Orpimenf 
1 Part, and of Pitch 1 Part, of Colophone 1 Part, of Varnijh in Grains or 
Gum Juniper i Part, and of Frankincenfe i Part. Reduce thefe In- 
gredients to a fine Meal, and incorporate them well together. Then 
take of ’Turpentine 1 Part, of Mutton Suet 1 Part, and of Oil of Pe- 
trol 4 Part: Melt thefe in an Earthen or Copper Pan over a ilow Fire, 
and as foon as they are melted, throw the above pulverized Compofition 
into them, and mix them all together. In fhort, throw in a good quan- 
tity of Flax, Hemp, or Cotton amongft them, to give the whole fuch 
a Stiffnefs, as to bear making up in Balls-, after which make it up in 
Balls accordingly, of what Sizes you pleafe. Thefe may be thrown 
amongft the Enemy when they are in the Ditch, or at the Foot of 
a Rampart, or preparing for an Affault j they will alfo ferve to annoy 
thofe who are at work upon the Galleries, or who approach you by 
Sap to lodge themfelves in the Mines : By their Brightnefs they will 
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alfo fhew you whatever is doing without your Walls j in fliort, thefe 
Nofturnal Lights will difcover to you all the Enemy’s Contrivances 
and Stratagems, to compafs the Ruin of your Fellow-citizens and 
yourfclf. They moreover will not only ferve to light you in the Night, 
but burn moft outrageoufly and deftroy every Thing that is within the 
Sphere of their Adlion. 

If the Exigence of Affairs requires you to form very large Balk of 
the above Stuff, fo as to fit the Orifices of Mortars or Great Guns j you 
may order them with the fame Eafe as we did thofc of the Firft Sort. 

Thefe will be particularly ufeful, to throw into the Enemy’s Lines, 
when they begin their Approaches afar off, or to any of their diftant 
Works which arc out of the reach of your Arm ; that you may by 
them difcover what is hid from you under the Veil of Night; and at 
the fame time by illuminating all the circumadjacent Country, prevent 
the Befiegers Defigns, or give you timely Notice of them. But I muff 
caution you to reinforce thefe great Balls with ftrong Marline, or with 
a Network of Iron or Latten Wyre, for fear they fhould be difperfed 
in their Projedlion, or fly to pieces in the Air, inftcad of remaining 
whole and entire as they ought. 

If thefe Compojitions are too dear for you, you may ufc the following, 
which are cheaper, and to the full as effe£hial. 

Take of Sulphur 10 15, of common Pitch 4 15, of Colophone 1 15, 
of Saltpeter 2 If, and of Suet or Tallow 2 15. Melt all thefe, and add 
to them I 15 of Coal^ and mix the whole very well together over a 
Fire ; then take it off, and throw 3 15 of Meal Powder into it; but not 
all at once, but at feveral Repetitions, continually ftirring and mixing 
it with the other Ingredients : To this you fhall add Tow as before, 
and make it up in Balls. 

Or clfe take of Colophone i 15, of Sulphur 3 15, of Saltpeter i 15, of 
Coal I It’, and a little Crude Antimony. Proceed with this as before : 

This was invented by Fronfperger^ from whom Brechtelius borrowed it. 

SORTS III and IV. 

Thefe Light Balls may be fo contrived as to be of a Mortal Nature, 
and by that means ferve in a double Capacity, of difperfing Darknefs, 
and deftroying the Enemy. This was formerly put in Execution by 
the Dutch (as we arc told by Diegus Ufanus^ in Treat. III. of his Artil- 
lery^ Chap. XX.) at the Famous and Memorable Siege of OJtend^ from 
whence they threw Light Balls (prepared as we {ball ftiew you) which 
did prodigious Mifchief to the Befiegers. There is nothing difficult in 
the Preparation of them. You need only take an Hand Grenado 
armed on the Outfide with Mufquet Balls., or larger* if you will ; (fo that 
the whole be nicely adjuiled to the Calibre of the Mortar or Gun.) 

Having Hopped up the Vent of your Grenado with a Wooden Stopple^ 

D d d d you 
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you fhall coatitoverwith Towftceped in one of the ^oTc(2a^CompoJitiom 
to the Thicknefs of two Fingers, and then pulling out the Stopple fill 
it with Corn Powder j and coat the Vent of it over as you did the reft of 
its Circumference, and rowl it in Meal Powder j in fhort, you fhall 
fecure the Coating upon it with Marline or Wyre, as we laid before. 

Thefe Balls may be likewife prepared after this Manner: Take a 
certain quantity of Iron Crackers loaded with Corn Powder and Leaden 
Bullets i and with a Wyre, Cord, or Cat-gut, bind them together in 
fuch form that their Orifices being alternately difpofed, they may ap- 
pear like a Radiant Sphere or ^Hedge-Hog: the Interftices between 
thefe Crackers fhall be filled up with Meal Powder fteeped and kneaded 
in Brandy, in which has been previoufiy diflblved fome common Glue, 
or any fort of Gum, In doing this you muft take care to make it into 
a perfedt Sphere, Then giving it a Coat of Cotton Cloth, dry it in the 
Sun, or in a Fire-Pan; and proceed with it according to the Method 
we have already laid down. See more concerning thefe Balls'^ in Z)/- 
egus Vfanus L’reat. HI. of his Artill. Chap. XX and XXI, and in Han-^ 
zelefs Artill. Page 187 and 211, In Brecbtelius Part II. of his Artil. 
Chap. I and IV; and Pronsberger* s Artil. Part. II. Page 194 and 196. 
The laft of thefe Authors, in the Place I have now quoted, will in- 
ftrudl you in the Preparation of a Ball which not only burns in a fright 
ful manner, hut alfb ferves inftead of Crow>-Feet. This is the order he 
obferves. Take a Wooden Bail and arm it all round with fharp Iron 
Spikes, taking care that the Points of them which are driven into 
the Wood tend all to the Center of the faid Balh and that their out- 
ward Points be about one or two Inches from one another, juft 
after the manner of a ^iw^m%Uedge-Jiog. Being thus ordered, the Inter- 
ftices between the Spikes, fhall be filled up with Tow fteeped in one 
of our Liquid Compejitions^ but not fo as to cover the Points of 
them, which muft rife out to the Height of half a Finger’s Breadth 
above the Tow. For any thing elfe relating to this you may confult 
the Author himfclf. Befides ihcPyrobolic Writers I juft now mentioned, 
you may upon this Subjeft turn over Jerome Catanenus's Examination 
of Artil. Page 37. Jerome Rujfers Precepts of the modern Arts of 
Wafy Page ii, %z and 33. hrsAEugeniw Gentiiinus's Inftru(ftions in 
Artilkry^ Ch^. LX. andfeveral others. 
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CHAP. X. 

Of Smoke Balls, which the Germans call Dampf Blend 

Kugelen. 

W E have oftentimes recourfe to Darknefs in the Occurrenctt of 
ff^ar, as well as in the Perpetration of leveral other Matters; t 
do not here mean the Gloominefs and Natural Darknefs of Night* but 
fuch as is Artificial, and which, according to Ibme Rules of oUf Arty is 
caufed to remain for fome time in narrow Places j whether it be that 
the Befieged would blind the Enemy in the midft of an Attack ; ot 
whether the Befiegers, to favour or facilitate their Affaults, would over- 
whelm the Befieged with a thick offisnfive Smoke, and by that means 
take them like Fifli in troubled Waters. To this Ptirpofe we have a 
Way of preparing Balls which during their Cortibuftion caft forth l 
Noifome Smoke, and that in fuch Abundance, that it is impofiible to 
bear it. You are to proceed thus: Take of common Stvtte Pitch 4 lb* 
of Tar 2 lb, of Colophone 6 lb, of Sulphur 8 Ib, and of Saltpeter lb : 
Melt all thefe Ingredients together over a Fire ; and then add to them 
lo lb of Coal } 6 16 of the Sawduft of Pine or JF/r, and 2 lb of Crude 
Antimony * incorporate all thefe together j which done, throw amonglt 
them a fiifficient Quantity of Flax or Hemp : Your Toto being lleepcd a 
due time, and having imbibed enough of this Liqinfied Cornpofitim, 
make it up in Balls either to be thrown hj Hand, or Ihot from any Ma- 
chine. As to any thing elle relating to this Matter, you are to obfcrve 
the Rnles we have already laid down in the Preparation of Light-Bolts. 

This is the right Method of introducing Night at Mid-day, of inter- 
cepting the Sun-Beams, and depriving the Adverfary of the Benefit of 
Eye-Sight : And the Practice of this is the more lawful, inafnjuch as it 
is an Imitation of NaturCy and may with Honour be executed in a righ- 
teous War. But I banifh all unlawful Pradticcs from the ChriJHan Arts 
of War I and efteem thofc Arts as infemous, which are founded upon 
•j” Charms, Sorcery, and the Invocation of unclean Spirits, together 
with feveral other abominable Superftitions which mull be hateful to 
Gody odious to Men , and undeferving the Title of Art. It is with Hor- 
rour that I refled upon the Fafeiaatrons of the M>fcovites, TartarSy and 
even of our Cojfacks. But not to dwell on the damnaWc Abomidotions, 
and horrid Impieties, perpetrated by thofe Wretches with the AflIfVallc# 
of Infernal Powers ; I fhall only curforily lay that they ace 
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verfed in Sorcery^ and all the Arts of Kelly and can raife Fogs, Storms, 
and darken the Light of the Day by means of thick Mills to fuch a 
degree, as to prevent you from feeing fuch Things as are neareft to you : 
ihort, one would think that they had been perpetual Students under 
Zoroajier the BaStrian j or that they had been bred up in the very Re- 
ceffes oi Pluto himfelf : But as thefe Monfters are forfaken of God, and 
alienated from his Grace, when they refort to this Diabolical Science for 
a fuccefsful IlTue to their fFarSy they ceafe to be under his Divine Pro- 
teftion, and meet with Events futable to their Wickednefs. I could 
produce many Examples recorded in our Hillories to corroborate the 
Truth of what I have here laid j but lhall content myfelf with giving 
a fuccinO; Narration of a prodigious and miraculous Vidory which God 
was pleafed to give us, over + 800,000 Crim and Precopian ’Tartars, 
near a final! Town in Podolia called Oebmatow, in the Year 1644. 
Thefe Barbarians then by their Diabolical Incantations, fiiddenly railed 
lb thick and frightful a Fog, that we really thought Nature had inverted 
the common Order of Things, and had turned the Day into Night. By 
this means our j^rmy ( which was fmall in Number but great in Heart, 
under the Conduct of that Thunder-bolt of War, Stanijlaus Koniec^ 
polski, formerly the King of Poland'^ General,) was wrapped in Mill, 
and wandered up and down the Country, and marched fcVeral Miles, 
before we could overtake, or fall in with thole Mifereants, to give them 
the ChaRifement due to their Demerits, and to take Vengeance on thenx 
for the Evils they had created us. But we found that the Confidence 
we had repofed in Heaven did not prove inelFedSual j for no fooner did 
we get Sight of the Villains, than the Sun entirely difperfed the Fog, 
(under the Covert of which they had committed the moll horrid Bar- 
barities ;) fo that enjoying compleat Day-light again, we foon expe- 
rienced that Heaven had not abandoned us in our Extremities : In Ihort, 
to fay that in few Words, which many have related with Prolixity ; I 
was prefen t, I was an Eye-witnefs of the Fad, and our God difeom- 
fited them, 



CHAP. XI. 

Of POISONED BALLS. 

F the many laudable Military Laws and Regulations, which were 
ellablilhed amongll the ancient Germans i and which they obliged 
their Pyrotecbnicians to bind themfelves by an Oath to oblerve j the fol- 
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lowing were none of the laft nor mofl inconfiderable ( fee Brechtelius 
Part\\. and Chap. II.) namely ; That they fhould never prepare any 
Fire-Works that fhould be any ways hurtful to any Perfons or Things: 

That they fhould not fire any Cannon in the Night-time : That they 
fhould not clandeftinely hide Fires in fecret Places : But above all, That 
they fhould not prepare any Poijbned Ballsy nor ufe any fort of Venom 
in their Compojitiom^ or upon any other Account whatfoever that might 
affedl: the Life of Man j for the firft ProfefTors of our Art looked upon 
all fuch Adtions to be as heinous in themfelves, as they were unworthy 
of a brave Man and a true Soldier j and fcorned to dcftroy their Ene- 
mies, by fuch ungenerous and unmanly Stratagems, fince they might 
annoy them a thoufand Ways in honourable open Combat ; Therefore 
fince all Laws, Divine and Human, do in the ftridtefl manner forbid us 
in our Civil Capacity to have recourfe to fuch inhuman Artifices ; and 
fince they have ordained corporal Punifhments to be inflidled on thofc, 
who to gratify their Lulls, make any hurtful Ufe of Poifon, Charms, 
Incantations, Gfc. how much more ought thefe Laws to be obferved, 
and how much more arc fuch Pra(9:ices to be fhunned in our Military 
Capacity ? Which is not a State of unbridled Licence, or infamous un- 
ruly Diffolutenefs j but on the contrary, a State of the flridlefl Honour, 
the mofl unfhaken Fortitude, the mofl conflant Magnanimity, the mofl 
fincere Probity ; in fhort, the State of War ought to be as it were a 
Theatre of all Sorts of Virtue. As for private Arms, which are no 
other than the mere Produdtions of Art^ I do not in the leafl difapprove 
of them, nor will I rank them among fuch Things as are unlawful ; for 
we have the Authority of very great Captains who have put them in 
pradlicc, and greatly commended them, upon which Account I fhall 
venture to fhewyou fomething farther of them in this little Work: But 
I will by no means admit Potfoned Balls into the Clafs of Warlike In- 
ventions^ nor allow the Ufe of them to a Soldier^ who as he is a Man of 
Gencrofity, and much more as he is a Chriflian, ought to abhor the 
very Thoughts of murthering his Neighbour with an invenomed Wea- 
pon. Sure, the fertile Malice, and the continual Experience and Exer- 
cife of Mankind in fucceflive Bloody Wars, ever fince the Halcyon Days 
of the Golden Age, have furnifhed us with Arms fufficient either to 
offend our Adverfaries, or defend ourfelves againfl them ! Let us not 
therefore in fhedding the Blood of our Brethren indanger our own 
Souls. 

But after all it mufl be allowed by what we can gather from the Hi- 
florical Records of the Wars in the earliell Ages of the World, that 
thefe Poifoned Balls need not appear fo heinous to us ; and we find that 
the moft fcrupulous Confciences did not boggle at the Ufe of invenomed 
Weapons in former Days j nor need the ftridlell Chriflian refufe or re- 
ject them now, provided that he does not ufe them in a War againfl 
thofe of his own Faith, but referves them for 'Tartars^ Turks, and 
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other Infidels^ who are fworn Enemies both to the Chriftian Name and 
Religion j for thofe we may fafely exclude from the Number of our 
Neighbours. Now thefe Balh^ are iuch as in their burfting or burning, 
taint the Air to a degree of Mortality ; for we are taught by Expe- 
rience, and affured by the Learned, that the Poifomus Suffumigations or 
Effluvia of fuch Things as you muft ufe for thefe Balls^ deftroy the 
Health of Man, ftrike at the very Principles of Life, and confequently 
extinguifli the Animal Spirits which keep the Soul confined to the Body. 
But by the way, you muft believe, that fuch Peftilential Vapours can- 
not be very eflfedual, except in fome clofe covered Place ; for I doubt 
of the Service of this Contrivance in any open Place, fuch as a Town 
or Fort which lies expofed to the Wind and Flux of the jiir : Upon the 
whole, I can fay nothing certain upon this Headj and can only guefs at 
what might be the Efifedts of it, from what little Knowledge I have in 
Natural Philojbphy'y but a few Experiments will inform you of every 
thing you can defire to know concerning it. 

One Evil generally draws a Thoufand after it : Thus Mankind did 
not think the bare Invention of Buws and Arrows fuffident ; (which the 
Ancients held to be of divine Contrivance, and accordingly Diodorus 
Sic. aferibes them to ApoUo, and Pliny to Scythes the Son of Jupiter j) I 
fay they did not think their Arrows limply of themfelves, to be fuffi- 
clently dangerous and hurtful, but they muft likewife be fteeped in Poi- 
lon ao well as their other Arms, to render the Wounds of them the 
more certainly mortal. We have the Teftimony of fcveral Authors to 
prc'/e the Antiquity and Ufc of this Contrivance j and amongft the Reft 
in Pliny Lab. XIL Cap. LIU, where he treats of the Scythians j in Pau'^ 
lus Mgin. Lib. VI. Cap. LXXXVIII, where he fpcaks of the Dacians 
and Dalmatiam j UbeophrajiuSy Lib. Plant. IX. Cap. XV, where he dif* 
courfes of the Ethiopian and Barbarian Wars in general j Ditfflvrides 
Lib. VI. Cap. XX. In ftiort, Virgil in his Mneid Lib. IX. fpeaks thus : 

XJngere tela manUy ferrumque armare venem. 

In Pngliffl : 

In Darts invenom’d, and in Poifon skill’d. Dryden, 

And in Lib. X. 

V ulnera dirigere Gf c alamos armare veneno.. 

In Englijh : 



DiredHng Ointed Arrows from afar j 
And Death with Poiibn arm'd. 



Dryden. 
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And in Lih. XII. 

Non /ecus ac nervo per nubem impulfa fagitta^ 

Armatam favi Paribus quam felle veneniy 
Paribus Jive Cyden telum immedicabile torjif^ 

In Englijh : 

- — by far more flow 

Springs the fwift Arrow from the Parthian Bow, 

Or Cydon Eugh when traverfing the Skies, 

And drench’d in pois’nous Juice the furc Dellru<5tion flies. Drydin, 

Ovid de I'rif, Lib. III. 

And Silius allb Lib. I. 

Homer fpeaks thus in his Odijy. I. 

^ct^jjLaKOP 01 

In Latin : 

Pbarmacum, mortiferum quarenSy ui ei e£et unde fagitias ohIinereL 
la Englijh : 

Seeking a deadly Drug wherewith t’ inflsd his Darts. 

Thus by die Hint we have taken from the PraSice of foimer Ages, 

Men dye a Triple Death j for the Bali pierces the Body, the P»Jon co- 
agulates our Blood, and the Fire bums us up. 

Certain it is, that die fkft Inventor of our Gun^pewder is highly 
blameable, for having introduced an Invention of diooting Bullets \Jy 
the means of Fire j but thofc are ftill worfc who added Poifou to thole 
Balls, as if Amply of themfelves they were not fufiiciendy mortal. 

From hence are derived our PmJ'oned ^Us in Ufe amongfl; PyrcjboUfis^ 
and hence the Venomous Bullets in Vogue amongfl: the Modern Soldiery. 

But before we enter in earneft upon this Sub^efl, I mofl beg your At- 
tention to what Jofepb ^ercetan faith, who was a very famous Phyfi- 
cian, [viz) 

-f ive may not arj^er this Sluefiion ah^rdly^ I Jhali ivgenuoufy 
tonfefs, that Lead Jimply cofjidered as to its vwn Natsa^e, has no infeSious 
EffeB upon Wounds^ nor never haSy except it be outwardly infeBtd by any 
poijhnous I'inBure, and that it can he ifJeBed no-hody diuy: For I 
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helteve every one will allow^ (what is generally received amongjl Philofb- 
phers;) that though Lead is very heavy and grofs with reJpeSt to other 
Metals^ yet its Contexture ts very porous and jpungy, which is owing 
to its being compounded of impure and combujiible Sulphur j and of much 
feculent and drojfy Mercury, upon which account it is fo foft and eafly 
melted^ and copioufy imbibes any Liquid : If this laji ^ality be attri- 
buted to Iron^ which is harder and not fo porous \ fure no one can doubt 
that Lead will much more readily admit any Infellion j and that this 
is true we have the I’ejlimony of many great Authors to evince. 

And a little lower. Hor do thofe argue to the purpofe-y who deny that 
Lead, becaufe divejled of its Crudity and Grofnefs by being purified, cannot 
admit any frange Body into it : Indeed Nature informs us, and Experi- 
ence Jhews, that all Metals purified by Fire, are difincumbered of their 
Drofsi and are much refined after an Igneous Operation j for by this 
Method are Copper, Lin, and even Iron refined j which by being melted 
by Fire is difunited from all its L>roJfy Particles, and the pure Subfiance 
of it, which we call Steel, remains colleSled together, as may be proved 
prom 4 Meteor. Cap. 6. of Ariftotle. Now though it be the Nature of 
thej'e Metals, to he refined by Fire-, (as we have faid above) and by 
Fufion to difcharge all their Drofs j yet that does not prevent them from 
imbibing any foreign Subfiance. And who can difpute but that Steel, 
which we may rank amongfi the m<fi folid Metals, may be mixed and tem- 
pered with a Subfiance quite foreign to itfelf? Who will affirm that a 
Mixture of Vinegar, Soot, Water of Moufe-ear, and of Earth-worms, 
mixed with the Juice of Radijhes, is in any rejpebl of an Ironijh Sub- 
fiance f Tet if Iron be frequently dipped and quenched in that Liquor, 
it will acquire fucb a Hardnefs as is not to be believed but by thofe who 
have made the Experiment, On the other Hand, if it be often quenched 
in the Juice of Marjh-Mallows, Soap, or Hemlock, it will be mollified. It 
.alfo happens to Lin and Lead, that being melted and often cooled in the 
Juice of the Squilla or Sea Onion they are afi'ebiedin fuch a manner, that the 
firji lofes its noify or ringing ^ality, and the latter its Blacknejs and Soft- 
nej'Sy which could not be except they retained fomething of the Spirit and 
Property of the Liquor in which they are tempered. It is therefore plain, 
that bow greatly foever Metals may be purified, and purged of their Hrofs, 
they are capable of imbibing a Subfiance of a different Nature from their 
own. But it would be folly ^ to fay that the Mixture of Metalic Spirits which 
are of the fame Genus or Kind, cannot be more eafily effebied than this : 
For we fee that Copper is tinged and turned Tellow by the Spirit of Ca- 
lamine and of LmiOi : and on the other bandit is whitened by the Spirit 
of Arfenic, of Orpiment, &c. From whence we may fafely conclude, Lhat 
if Metals (of which Bullets are commonly made, and particularly LeadJ 
Jhould be infested by any Spirituous Subfiance inclining to their own Na- 
ture (which may be prepared of fo many forts of Mercurial, Fatid and 
Deadly W aters, to which are ujually added the Juice of Aconitum or 
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Wolf-bane^ of NapcUus, of the Squilla or Sea-’Onion^ of Eugh^ of Smal^ 
lage or Crowfoot, and fuch tike Simples, and venomous Beafts, which are 
of noxious EffeB upon our Nature) I fay, being tainted by fuch like 
Compofitions, the W mnds they make will be fo complicated by means of 
the Venom, that except immediate Remedies be applied they muji be Mortal, 
For we have at this Day among Jl us many Mixtures which are fo Veno- 
mous and Pejiiferous, that if the Point of an Arrow he hut Jieeped a 
little in them, and it wounds any Body jligbtly, or only paffes through any 
particular Member with a fudden Celerity, and makes no fay in the 
wounded Part, the Poifon is fo fubtile that it at once- diffufes itfelf over 
the whole Mafs of Blood, infeSls the mof Noble Parts, and infantly kills 
the Perfon. 

Speaking farther on this Subjedl. From hence we will conclude 
that Balls may be infeBed with V mom, not by pouring any into an Hole 
made to receive it, as fome would have it ; but by immerging the Bullets 
and repeatedly quenching them in fome of thefe Mercurial Waters or Dead- 
ly Juices ; by which means they may be corrupted and infedled, and (fuch 
is the Subtility of thefe Drugs !) invenom the Wounds they make, though 
they jhould with the great ef Velocity pierce through the Body. This has 
has been experienced upon Animals, which I Jhall account for in my Book 
of Antidotes I juf now mentioned. But by the way I muf ohferve, that' 
if a Ball pafes very Jwiftly through a Body, it cannot fo well or effeSlu- 
ally communicate its Venom', but it mof frequently happens that Bullets 
lodge in the Wounds, and remain there fome time before the Surgeon can 
take them cut, which oftentimes is not to be done at all. 

Who then can doubt, but that the Ball will work its Deadly EfeSls du- 
ring the time it thus remains in the Body.^ (The more Spirituous and 
Subtile they are, as I fewed above, the more fudden are their Efebis :) 
And its Malignant Effluvia being conveyed through the Veins, Arteries, 
and Nerves, they infeSl the Natural, Vital, and Animal Spirits, and by 
Peing blended with them, and by the natural Contef which arifes between 
them, in which the former always get the better, the Life of the Perfon 
is extinguifoed, which purely corf fed in the lively proper ASHon of the 
Spirits. That Poifons are the mof pernicious when they are the mof 
fubtile may be gathered from the Bites of Vipers and other venomous 
Creatures. 

This is all that our Author fays of the Method of poifoning MetaL 
lie Bullets, and their manner of affeding the Human Body, 

Thofe then who would prepare Poifoned Balls may obferve the Rules 
laid down by former Pyrobolifs, or thefe of our Invention. Take of 
Wolf-bane, or Wolf -wort, which the Italians caXl Luparia, and the Ger~ 
mans Wulfvurts-, of Napellus, whofe Root is in form of a Netj (This is 
a moft dangerous Poifon ;) prefs out the Juice of it, but take care not 
to touch it with your Naked Hand : The Juice of it being exprefled^ 
put it into a capacious Earthen Pan, and expofe it to the Sun in the 
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Month of Jutyy for ithe %sipe of ^ -jwhoJe Day s ihat is, as ioaag as the 
Sun has any powfui Wu^CKC A^on it ; ithis.doi\e, fan it in 
warm clofe Place, which mwft have sto Omt^s or Garizc near it, .or aay 
other iftrcmg-^cented Thing,ihr it may he iheocby depriyed of saad^ xjf its 
Strei;igth and Vjirtvie: On ths Morrow expo& k again ro ihe Sun ns you 
did before, and fp coniiaue to do for the if)ax:e of a whole Month : 
And yoo -will have a thic^, ford, yenomoias Sjubftance like an Oint- 
ment. Bur you mult be carefol to Air the Place where you lock up 
your Pan in the Night, for fear the jsjaligaant EJJk^la of this Poifon 
Ihould be conveyed through the Noflrils into the Head, and he attended 
with Conrequepces prgudfoial to your Healdi. 

Take moreover 3 or 4 of thcrankeft fort of Toads, of fuch particu- 
larly as are bred in tb^ sjoft lhady and told Places ; for diere they ac- 
quire the mod: virulent Venom. Thele lliali be put into a Brids Veflcl 
like an Alembic, where they may have Boom to fprawl about j which 
Veffel lhall have a that nicely fits it, with a Handle at Top of it 
to lift it on or off ; upon one $ide of your Vcflel you lhall have a little 
round Trough, with a Slit oyer it, which lhall be filled with Oil of 
Scorpions. Cover the whole up ciofcly, and let the Pipe or Spout of 
your Alembic be received in a Glais Phial, which muk be fet in a Bafon 
of cold Water. This done, light a gentle Fire all rpnnd it, ac the di- 
ftance of one or two Palms, that it may heat by flow degrees; and the 
Toads, as foon as they are aliened by the Warmth, will immediately 
fpew up all their Venom. Thus, by Vomiting and Sweating they muft 
of courfe become thirfty, and will accordingly drink of the Oil con- 
tained in the little Trough to quench their Third:, and will foon after 
bring it up again, and it will in the end be diftilled into the Glafe Phial 
aforefaid. The Fire lhall be kept up in an uniform Heat for four 
Hours ; then leave your Operation unfinilhed till next Day, and wait 
for a Breeze of Wind before you take off the Head of your Alembic ; 
and keeping to the Windward of it, at the diftance of a few Paces life 
off the Head with a long Pole, by running it into the Handle above- 
mentioned ; and leave your Veffel open for 4 or 5 Hours : In Ihort, the 
noxious Effluvia being by that time difperfed you may fafely approach 
jt, to take away your Phial. So much for the Preparation of this Poifon, 
now for the Ufe of it. Sprinkle over the Compojition of your Fire-Balls 
with this Deadly Extra^ion, together with the Juices of the Herbs I 
am going to mention, and charge your Ball according to the ufual Way. 

You may then add to this: The Juices of Anemony^ of Torch-weed^ 
of Hemlock^ of Menhane, of Mandrake Applesy of Mandrakcy of Napellui 
White and Blue, Monki-hQ 9 d» Fafs-jlowery Butter-flmery Foijbnous NighU 
jhadcy Sea-Oniony and feveral other Simples of this Nature. 

The following Things pulverized may dp very well, {viz.) Mercury 
Sublimai£y IVJnte ArfgmCy Orpimenty Cynnabary Miniunty UthargCy to 

which may be added the Menfiruq of Barren WemeUy the Brains of RatSy 
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Cats^ Bears } the Foam of Mad-Dogs^ the Blood of Bats^ Oil in which 
has been previoully drowned a good qiwitity <jf Houfi^Spiders, of ^ick~ 
Jilver^ DiagredCy Coloquintiday Eupborbiumy one and the other Helle- 
borey of l^bftneUay Garden^Spurg^^ Nux Vamkay and federal other fuch 
Tilings as are of noxious E^cacy. 

You may alfo prepare a Gm-powdeTy which will inf«a die and 
fuddenly kill thofe who draw in the Smoke of it; after this manner: 
Take a ftoad and fmother it in 'SaltpeteVy and bury it tinder an Horie 
Dung’^hiU for a Fortnight ; then tjdse it outj and proportion it with iS«/- 
pbur and Coal as we formerly orAsrcd. 

Or you may melt Saltpeter over a Fire, and throw a good parcel of 
Houfe-Spiders into it alive, fo that being fuffocated they may dtfeharge 
all their Venom into it; you may alfo powder your Saltpeter over with 
a little jirfenk j after having incorporated a good rjuantity of that Orug 
with it: Then m^e your Gun-powder with it after the ufual manner. 

OBSERVATION I. 

I believe it will be bejQt, if to the Compojitiem we have given 
for Smoke Balhy you add the Juices of the Herbs ajaovemeatknied, 
with their Leaves and Root* about half withered ; together with tlie 
fcveral other Poifonous Things we juft now entunerated ; aad make 
them into Balls as before; You might alfo add the outward Bark of 
Birch ; for all fuch Ingredients produce a thick fuffocating Smoke, and 
particularly the damp Leaves and Roots of the above Herbs; add to 
which, that the Smoke they emit beir^ moift and heavy, it flags near 
the Surface of the Ground, and docs not fpring up to any great Height 
into the Air; but fmothers and creeps along beneath, and fpreads 
through every where, where it can have Admittance : And upon this 
Account, the bell Opportunity you can have for putting thefe Balls in 
Execution, is when the Heavens are clouded over, and mifty; during 
a thick Fog, or in great Rains, or when it fnows, and in gloomy heavy 
Nights; for the Air is at thole times impregnated with grofs Vapours, 
which are + impenetrable by the Smoke, and copioufly incerfperfod with 
Subftanccs heavier than itlelf, which liippreft the Fumes of your BaU\ 
which would tend upwards in lercnc clear Weather. 

OBSERVATION U. 

You may arm thefe Balls with Crackers^ to guard them from the At- 
tempts of the Enemy. 



^ It is not owing to the Impenetrability of Vapours, but the i,iohtnefs of the Air in foul 
Weather that Smok* does not rife ; for at that Time the Smoke, as foon is it is rais'd or ex- 

t loded from the fmpaking Body into the Air, faHs down again by rcafon that it is fpcci£ca]ly 
eavicr than Air; whereas in fair Weather when the Air is hcavreft, and coi^quently denfer 
near the Ground, the Smoke being than lighter thao Air, ri&s upright hjr €f Hjdrt’ 

fiaths. 

OB- 
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OBSERVATION III. 

You muft be careful, that what you prepare for the Ruin of your 
Enemies, does not turn to your own Dcftrudtion 5 and that inftead of 
conveying Death into the Adverfary’s Quarters, you be not fuddenly in- 
tercepted by it yourlelf, and overwhelmed before you know where you 
are. To prevent thefe Self-dangerous Inconveniencies, you lhall cruft 
your Ball over with common Gun-powder uninfected, and then coat it 
over with *T(mi Or elfe putting thefe poifbnous Compofitiom into Bags, 
as is done in the Cafe of Fire-^Balhy you lhall fill the Fuzes of them with 
a common ^lem Compojition. 

The reft I fhall leave to the Difcretion and Diligence of the expert 
Pyrobolijli and to fay the Truth, none of us ftand in need of Inftrudiori 
in Mifehiefj for we naturally have a ftrong Propenfion to it, and are 
commonly induftrious in the Perpetration of it. I lhall now clofe up 
this Chapter with conjuring you, never to apply thefe Balls after fuch a 
manner as to need Repentance after it, or in any refpeCl to wound your 
own Confcience j always keeping in Mind, that the Love of our Neigh- 
bour is infcparable from the Love of God j and that we have a righteous 
Judge who wants no Wimefe to our Actions, and who will moft cer-^ 
tainly deal with us according to the Evil of our Ways. 



CHAP. XII. 

Of STINK-BALLS. 

^ I 'HESE Stink-Balls leem to be pretty nearly related to the Balls wc 
have juft now treated of j but the Ufe of them is much more law- 
ful, and much lefs pernicious j for thefe only moleft the Enemy by their 
Faetid Vapours, wrap them up in artificial Mifti offend both the Nofe 
and Head, by their extraordinary Naufeoufnefs 5 and pain the Eyes by 
the Sharpnefs of their Smoke, without any immediate InfeClion. They 
are in the main prepared juft like other Artificial Balls, and therefore I 
lhall give you the ConftruCtion of them in few Words. Take 10 15 of 
common Ship Pitch j 6 15 of Tar ; 20 15 of Saltpeter j 8 15 oi Sulphur ; 
4 15 of Colopbone. Melt all thele over a flow Fire in an Earthen Pot ; 
And being melted, throw into them 2 Fd of Coal, 6 15 of the Rafpings 
or Parings of Horfe's or Mule's Hoof', 3 ib of Afa Fcetida j one ;o of 
Sagapenum, which the Latins call Sacopenium Putidum', and 15 Is of 
Spatula Feetida, or fiinking Gladwin: Incorporate all the above Ingre- 
dienti well together} and add to them .as much Flax or Hemp as is fuffi- 
^ cient 
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cient to abforb them: Then whilft the Tow is warm, make it into Balls ; 
in fine, you fhall dbferve the very fame Order with thefe, as we have 
in general directed for Light-Balls^ Smoke-Balls^ and Poijbned Balls. 

COROLLARY. 

What Man is there who knows not that the Air we breathe may be 
dangeroufly tainted j and that contagious Diftempers are commonly ge- 
nerated by the Corruption of that Element ? Thus a befieged Place be- 
ing no other than a Theatre of all the Evils Mankind can be afflifted 
by; it is amongft other Inconveniences fubjedt to peftilential Vapours, 
arifing from the ftinking Effluvia of Carrion, the Putrefadtion of rot- 
ton Carkaffes, and other Filths which they cannot remove out of the 
Town. I fhall not here undertake a Rehearfal of the many Examples 
of Sieges, in which the Befieged have been more abundantly cut off by 
Peftilence than by Steel or by Fire : But to come to the Point in hand, 

I fay, that the corrupted Air of Befieged Places may not only proceed 
from Natural Caufes, but may alfo be introduced 'by the Artifices of 
the Befiegers. The putrid Stinks within are thofe of the unfavoury 
rotten Breaths of the Famijhed and Over-fatigued, the corrupted Bodies 
of the Slain I Dunghills, and many other Things from whence un- 
wholefome Vapours are exhaled. Now the Befiegers may add to the 
Natural Infedlion of the Town, or even originally caufe it by means 
of feveral Sorts of Poifoned Infedlious Balls \ or by throwing with 
the Ancient Machines (if you will admit them again into Service) the 
Putrid Carkaffes of Soldiers, or any fort of Carrion; together with 
great Tubs full of the Emptyings of Privies, and the like, which may be 
toffed into the Befieged Place. Hiftory will inform you of many fijch 
like Pradtices amongft the Ancient Romans, and the other Warlike 
Nations of their Time : But not to look fo far backwards, we have a 
very modern Inftance of this in the Chronicles of the City of Liege, 
where we met with this Rdmark (viz.) The Liegois vigoroujly affdulted 
the Caffle of Argenteal, throwing great Stones into it with Baliftas, to- 
gether with Earthen Veffels full of melted Metal, Red-hot Iron, and Ex- 
crements in abundance. 

From hence we may draw thefe Conclufions : Eirff, that the Air of 
a Town may be terribly infedted ; and corrupted to that degree as to 
oblige the Befieged to a more fpeedy Surrender, or at leaft urge them 
to a Parly fooner than they defigned. 

Secondly (which is well worth our Obfervation) That by the Help of 
the Antique Machines, you may not Only fling the Dead Carkaffes of 
Men and Horfes, together with large Veflels full of Fiery, Flaming, 
or Scalding Matter; but alfo ponderous round Stones, vafl Splinters of 
Rocks, and other Bodies of immenfe Weight. Amongft the many 
Teftimonies which might be brought to corroborate this Fadt, I fhall 
give you only one, which I have taken from Paul. Emil in his Hiftory 
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of the Siege of Fidemah in Talejiine by Philip King of France and 
flenry King of England (namely) they broke in the Roofs of the Houfes 
with great Stones Jhot frm their 4 : Tollcnons, wUcb were the Bane if 
the Inhabitants^ 

Silius alfo mentions them in hib. I. 

Phocais effundit vajtos Balifa Molares^ 
j^que eadetn ingentis mutato pondere teli 
Ferratam excutiens oraum media agmina rupit. 



- ■ ■■■ -- - Then from contrai3:ed Strings, 

Stones of vaft Bulk the Phoceean Engine flings. 

Or changing Weight whole Trees with Iron bound, 

£je^, that {breaking through, the Ranks confound. Roffi 

Judge now of their Weight by their ftrange and frightful Execution. 
We moreover find in the Annals of Spain (according to Upfius) a Sto- 
ry of a Young Man called Pelagias^ who was a Pafbn of great- Mo- 
defty, and being earncftly follicited by a Beaftly King to commit that 
Crime with him which will not bear to be named, he accidentally firuck 
him whilft the Brute was careffing him j upon which the Infiimoua 
Monfter of a Prince ordered him to be put upon a BaUfCy aikl thrown 
wer the River Betys acrofs the Rocks. But I fhall fpcak more at 
large of this in its proper Place j where (as I have faid before) I fhaii 
give you the Figures of the Ancient Machines with all the Accuracy 
the Remarks I have made upon the Accounts given of them could 
fiiggeft to mcj in which I have gone fo far as even to make Mo- 
dels of them with my own Hands, to try their Effefts, and to fee 
whether Authors have had a due regard to Truth in what they have 
related of them. I only mention them here, to remind you that the Bc- 
fieged may expeditioufly and conveniently gall the Enemy, with putrified 
Carkaffes and an infinite Number of Vcflels of all Sorts of Figure filled 
with Venomous or Smoky Compofitions^ and all other PyroboHcal Pro- 
jeBiles^ which wc fhall touch upon in the following Book, and parti-' 
cularly foch as are ordinarily ufed in the Defence of Places. Let 
Men of Senfe and found Judgment confider a little upon thefc 
Things; and if they can convince me that I am out of the Way, after 
all I have faid and quoted upon this Head; I fhall readily fubmit to their 
reafonablc Demonllrations: But as I apprehend myfelf to be in no 
danger of fuch Conviction, 1 fhall to the latefl Hour of my Breath 
regret the Inactive State of fome of the Antique Machines. 

j- Thi| Town it n*w S/. ^thn D’Mre, i Thefe were the fame with Salifid, 

CHAP. 
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CHAP. XIII. 

Of a Ball, which Fire- Workers call a Death's Head. 

T Ake a perfedly round Ball, of Iron or any other Metal, of fuch Fig. xy6. 

Diameter as conveniently to fit the Calibre of the Piece of Ord- 
nance you intend to ufe. The Body of it mufi: be hoUbwed out Cylin- 
drically, which it may be to the Depth of y and the Breath of 4 of its Di* 
ameter ; The Sides of it fhall likewife be bored in feveral Places, all which 
Borings fhall tend towards the Hollow Cylinder in the Middle, but fhall 
not center in it quite, and fhall only correfpond with it by fine Holes or 
Fuzes, Thefe little Fuzes fliall be filled with fine Meat Powder ; and 
the large Cavities fhall be filled with Corn Powder and Leaden Shot, 
and Wadded well with Paper or 

The great Hollow in the Middle fhall be filled with Meal Powder^ 
to which fhall be added ? of Coal, and fhall be fprinklcd over with 
Brandy or Oil of Petrol', or elfe it may be filled with one of the Com- 
pojitions I have given for the Fuzes of Grenaddsi In fhort, the whole 
fhall be coated with a Tarred Cloth, leaving only the Vent of it open. 

When you Fire this Ball you fhall kt the Orifice of it reft immediately 
upon the Powder in the PiecCi without thte Interpofition ©f any Wadd 
between them: See Pig, I56. 

OWerve here that thefe Balls may be made of Wood alfo j but in this 
Cafe you muft thruft fuch Crackers as 3rou fee ih D, Pig. 151, into ill Fig. lyi. 
the Cavities but that in the Middle ; in a we»‘dj It fhaU bb reinforced 
with an Iron Bandage, to prevent its breakup to pieces at the tithe of 
its Pfojeftion, and fb prove of no Effeift. 



CHAP. XIV. 

Of a Ball commonly called the Pyrobolift's Valet or 
Attendant. 

*^HE Ball which you fee reprefented Under 157, has got the Fig. 1^7. 

Name of the Fire~workeAs Servant, from its cOnftant readinefs to 
do Service, in which it differs from all the reft. Now this gentle Ser- 
vant is very fimple in Nature, and eafily governed and conftrufted. 

You need only take a Wooden Cylinder Whofe Diameter is equal to the 
Calibre of your Piece of Ordnance : Its whole Height fhall be 3 of its 
Diameter, and one End of it fhall terminate in a Multilateral Pyra- 
mid) 
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mid j which Pyramidical Part of it fhall be another Diameter. 
The Sides of it then fhall be bored all round with Holes of the Dia- 
meter of two Fingers Breadth, each of which fhall correfpond with 
that in the Middle of it. Into thefe Holes you fhall thru ft fuch Crack- 
ers as we Juft now mentioned (fuppofing it to be made of Wood.) The 
Cavity in the Middle fhall be fill^ as we ditedled above for the Prece- 
ding Ball. Its Point fhall be armed with Steel, that it may ftick faft 
into any thing it falls upon or ftrikes againft. Farthermore, it fhall be 
reinforced with three Iron Rings, (viz.) one round the Top of it, one 
round the Middle, and a third round the Foot of its Pyramid j By this 
means it will be able to withftand the Shock of the Flafh : As to any 
thing farther relating to this, it muft be ordered juft like the Preceding 
Ball. 



CHAP. XV. 

Of the Pyrotechnic Manipulus or Bundle. 

I T often happens that you are fo fuddenly furprized and reduced to 
fuch Extremities, that you have not time to prepare thefe Artificial 
Balls in due Form; And in fuch Exigents this Manipulus may be recur- 
red to, which is no other than a Bundle of Iron or Copper Crackers of 
Fig. 1JI. the fame you fee rcprcfented Numb. 15 1, under the Letters F, G, and 
I; (no matter whether they be Triple, Double, or Single) they muft be 
charged with Corn Powder and Leaden Balls^ and boUnd firmly toge- 
ther with Wyre or Cat-gut, fo that they may not be torn afunder by 
the Violence of the Flafh of the Gun^ but remain collefted in a Body, 
and perform their EfFefts together. They fhall be primed with one 
of the Jlow Compojitions we formerly gave. In fhort, thefe Bundles may 
be of various Sizes, according to the Calibres of the Mortars or Guns 
they are to be projected from ; They fhall be put naked into the Piece, 
and reft immediately upon the Powder in it. 




CHAP, 
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CHAP. XVI. 

Of certam Pyrotechnic Balls which may he privately h’td^ 
and fo ordered as to perform their EffeSs at certam Pre~ 
fixed Periods of Tme, 



E have elfewhere acquainted you that the Old German Captains 
detefted the Ufe of clandeftine Fires, and banilhed them from 
their Arts of War^ as unjuft and ungenerous Inventions, and according- 
ly forbad their Pyrobolijls and Fire-Workers to prepare any of them : But 
notwithftanding this laudable InjunSHon, we find in Hijiory that thefe 
Fires were put in Execution even when that and feveral others of the 
fame Tendency were in their Prime, and full Force : In our Age indeed 
it feems as if thefe and feveral other old Inventions muft make their 
Exit, and give Place to new ones formerly unknown ; and accordingly 
thefe Balls are upon the Point of Expiration j fo that were they not re- 
corded ill our Writings, the very Remembrance of them would be blot- 
ted out in a very few Years more. Now fince our Forefathers found 
them of Ufe in their Days, (however unfair they might deem them ) 
why ftiould they not be of fome Service to us as well as to them } A 
good Head and a little Diligence, would turn them to fome Account at 
proper Times and Places. I find feveral ways of conftrufting them both 
as to Form and Size, according to the Exigence or Nature of the Affairs 
we would employ them in : For thofe which are to be hid in Houfes, 

Clofets, Barns, &c. muft be of one fort; thofe which are lodged in Pow- 
der Magazines and Arfenals into which we have free Accefs muft be of 
another kind; and thofe which are conveyed into Waggons, Trunks, 

Casks, or any Baggage which is going into the Enemy’s Forts and Garri- 
fons muft be of a Third Species. I ftiall only give an Example of them 
in three Balls of different Sorts ; the Firft of which, diftinguiftied by 
the Letter A, vsx Figure 159, bears an exaft Refemblance to a common Fig. 15-9. 
Fire-Ball ; and does not feem to differ from it in any particular except- 
ing its Match, which is wound round it (provided it is upon any Plane) 
in Spiral Folds. This Match muft be of that fort which neither fmokes 
nor yields an offenfive Scent, the Preparation of which we taught you in 
Book II. Chap. XXVII. One of the Ends of this Match is ftuck into the 
Vent of the Ball, and the other which is lighted is coiled round it, fb as 
to have its Revolutions at a convenient Diftance from each other, that 
it may burn gradually out from one End to the other, without catching 
Fire in more Parts than one. The Length of it muft be proportioned 
to the Time you defign it fhould burn, or to the Period you prefix for 
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the Combuftion of your Ball: There will be no Difficulty in doing this, 
if you know exadUy what Length of your Match will be confumed eve- 
ry Qiwtcr of an Hour : Thus if you propofe that your Ball fliould 
fjerforai its Effedl in two Hours after it is hid, and you are affured that 
about half a Foot of Match confumes every Qvyrter of an Hour, you 
may readiiy ctmclade that in this Gafe you muft allow 4 Foot of Match. 

The other Ball, diftinguiffied by B, is commonly made of Wood 
(though it may be made of Iron or Brafs like a common Grenado, hut 
Aen it muft be filled with Corn Powder only, for Reafons above given.) 
It muft have a Serpentine or Spiral Fluting or Channel wrought in its 
Convexity from the Bottom to the Top, in which Fluting or Hollow 
you muft glue your Match from one End to the other of it, as may be 
feen in C. This Sort is much better contrived than the Firft, becaufc 
the Match is as it were a conftituent Part of the Ball, and does not take 
up fo much room as the former. 

In fliort, the Third Ball (D) of this Kind has nothing extraordinary 
in its Conftru<ftion. It has onfy a Stick in its Vent, round which is 
twifted a Snake of Match, which muft be of due Length (as I obferved 
before) and firmly glued to the faid Sticky that it may not unfold itfelf in 
burning. 

Thele Balls filled with very ftrong Compofitions, and fuch as 

arc very pregnant of Fire \ as for Example, fuch as was anciently the 
Grecian Fire, the Compojition of which I have given you from Scaliger 
in our Chapter of Fire-^Pain. Now this Mixture will be fufikiently 
Vidlcnt, as well becaufenf the Ignetjus Ingredients it is compounded of, 
as on the fcore of die particular Manner of its Preparation j for Expe- 
rience evinces that a Duiig-heat has a wonderful Power of transforming, 
and as it were vivifying whatever is buried under it j in which it imi- 
tates Natural Heat : That Genial Mother who works fuch Wonders, and 
has rderved to hcrfclf a Power of putrifying, which is altogether fur- 
prizing ! For we find that the Animals generated from Putrifadlion, arc 
as warioUs as the feveral Things that are putrified. Whoever re- 
ftedts Upon this, and confiders it attentively, may torn it to very good 
Advantage. Upon this Account, I think that fuch a Competition would 
be preferable to all thofe which only have their Ingredients mixed up 
tc^ether without any farther Preparation j though I muft here make an 
Exception with regard to which being beaten and pounded 

for a confiderable time, becomes extreamjy vehement (as I have elfc- 
where obferved) and is transformed into a pcrfe< 5 Hy Light and Volatile 
Subftance. 

BrethteBus in Btxk II. and Chap. II. of his Artillery, gives us the fb]|^ 
lowing Compofitlm for the Ufe of thefe Balls. Take 3 lb of Powder, 
and one lb <ASLlpbUr-, reduce them to a very fine impalpable Meal, and 
incorporate tliem well together: Then add to them a little Colophone, 
andfbroe Drops of ‘Fiit^phtme j and knead them sJl up in a Dough or 

Pafte 
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Pafte with Linfeed Oil and Brandf' : Thus the whole being perfedlly in- 
corporated, fill your Bail with it. However I think it will be better to 
ufe fomething of the Nature of the Grecian Compofuiom\ becaufe our 
clandeftine Fire is nearly related in its Eflfedts and Operations to the 
forefaid Fire j as we are informed by feveral creditable Authors : As to 
the Ingredients^ . I do not apprehend that they -can be wanting to you, 
either on the Score of their Scarcity or Price. Remember that inftead of 
Matchy you may ufe fome of xh^i Fyrotechnic which 

telius mentions in Fart II. Chap. II. of his Artillery y and which we have 
given you -in Second Book, 



CHAP. XVII. 

Of R£D-HOT BALLS. 

Pradlice of Ihooting Red-hot Irony is far from being of mo- 
dem Date j for long before the Javention of our Artillery y it was 
the Cuftom of the Ancients to defend themfelves with Red-hot Irony as 
is teftified by lAodorjiS SicuIuSy who faith : 1 ‘he^ the Tyrians threw great 
Bodies of Rai-jhat Iron into the Works o/* Alexander Great. An un- 

certain Author alio i^eaks to this JBifeft in Suidas * 'Fhey throw from 
Eminencies whatever was Eiquid or FufblCy fcalding hot upon the Enemy „ 
And amongft other things Red'^hot Pieces of Iron, which they kept rea^ 
dy for thofe who attempted to fcdle their Walls. *f- Vitruvius 2M0 fpeak- 
ir^ of the People of the Town of MarfeilleSy rikith, That they threw 
Bars of Red-hot Iron from Baliftae /o burn the Befegers Works. If you 
wouldhe ferther informed upon, this Head, you may confult thofe Au- 
thors, whofe Teftimony we have all along recurred to. But to dwell 
much upon the great Requeft Red-hot Balls have been in fince the In- 
vention of Gun-powdery or to recount the Havoc they have made, or 
to relate their frightful Executions in the feveral Occurrences of Wary 
would be giving of myfelf a necdlefs Troubi#; fince none can be 
Strangers to chis;mattcr,but thofe who have never borne Arms, or never 
dealt in which rdoes.furnifh us with many Examples of this kind: 

Amongft which Emanuel de Meteren in his Hiftory of the Low-Coun- 
trieSy relates the following Inftance to have happened at RBnburgb 
when it wasbefieged by the. Admiral of Arragon'va the Year 1598, (viz.) 
A Reddoot\Ball{^\X:xm&. have been Red-hot though he does not exprelly 
fay Ih) being fhtit from the Bef egers Batteries againft a Tower where 
the Btfegedkept their Gunrpoxvi^r, it went through the Wall of it which 
was but a Brick thicky arid fell into a Barrel ^Powder; which inme- 
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t £m. de. Met: Lib. XX. 



diately 




CO 



04 Of the Great Art of Artillery. Book IV. 

diately taking Fire accended all the rejl^ •which were to the Number of 150 ; 
upon •which enfued fticb a prodigious Clapy and fuch a general Conflagra- 
tiony that it not only blew up the Tower it •was kept but Jet Fire to the 

moji lofty Houfes in the Towny and Jhatfered tkofe in the Neighbourhood <f 
it in pieces j threw down a great Fart of the Town-W ally and what is fill 
•worfcy the ntof eorfderable Part of the Soldiers and Inhabitants^ together 
•with the Governory were buried under Ruins ; in Jhorty there was hardly 
any Body in the Town efcaped without being fo mijerably difabledy as to be 
ufft ever to bear Arms agaiUy or incapacitated to work at their Trades. 
Paulus Piafecius Bi{hop of PremiflaWy who wrote our Annalsy has the 
following Narration. From thence marching his Troops (he fpeaks of the 
Admiral of Arragon) towards the Rhine, he befieged Rhinburgh a Place 
belonging to the ArchbiJljop of Cologne, which had been formerly in PofeJ^ 
fon of the Spaniards j but during the . time that the Arch-Duke Albert was 
in France, it was reduced by the Hollanders, who afterwards kept a flrong 
Garrifon in if. The Befeged at firf made a brave Refflance ; but a Can- 
non Ball being accidentally jhot into a Powder-Magazine there enfued a 
general Confiagration and Ruin j it made a great Breach in the Town 
Wally upon which the Befeged were obliged to Capitulate ^ who behig al- 
lowed good ^artery and permitted to march out with their Baggage^ they 
evacuated the Town. But •f' Diegus Ufanus gives us a Relation almoR 
as Tragical as this, to which he adds an odd Accident that befel a Dutch 
Ship which was going into Of end with a Lading of Gun-powder-y (name- 
ly) that (he was blown up by means of a Cannon B^// : -iThis Author is 
of Opinion,, that thefe two Cafualties were not owing to what w’e ap- 
prehend, but that the Ball accidentally ftruck againft fomc Stone, 
Piece of Iron, or fome other hard Subftance, and fent forth abundance 
of Sparks, which were the Caufe of thefe melancholy Aceenfions. But 
I am rather inclined to believe (in which Emanuel de Meteren feems to 
agree with me) that it was fome Red-hot Ball which was Ihot with De- 
fign to perform fuch an Effedl j for it is not to be imagined that becaufe 
a Ball has pierced through a fingle Brick Wall, or a Ship’s Plank, or 
ftruck upon the Head of fome Nail, that it can ftrike fuch a Fire as to 
be able to penetrate through a Powder Barrel : No j it is more probable 
that fome Deferter going over to the Enemy, had informed them where 
fuch and fuch Powder was lodged, or what the Ship was laden with, 
and that thereupon they took the proper Meafures to blow up the Guur- 
powder which is moft ufually done by Red-hot Balls ; for there is no 
kind of Ball ( though our Art has invented many) which is fo conve- 
nient for conveying Fire and Deftru< 9 :ion as thefe ; for they at once per- 
form the Office of a Cannon-Ball and of a Fire-Ball i add to which, 
that it cannot be perceived during the time of their Projedion, whether 
they be Red-hot or not. 



t n». Ufa, Treat. II. of his .^rriW|ry, .Pialogue XII, 
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Here wc might repeat what we formerly quoted from Lipfius^ con- 
cerning the Fire-Balls which are commonly Ihot from Cannon ; for I 
am of his Mind when he thinks that Red-hot Balls might be as effedtual- 
ly ferviceable as Fire-Balls j and I conceive that what fo grave and fa- 
mous a Perfon faith ought to have its due Weight with us. Now to 
fljcw that this Opinion of his is not ill-grounded, our Hiftorians who 
have recorded the mighty Exploits of our glorious Kings have made no 
Diftindtion between themj but have promifcuoufly ufed the Words 
Kule Ognijicy to fignify all thofe Balls which are contrived to burn Edi- 
fices, Intrenchments, Palifades, and other Wooden Defences of Wary 
which anfwer to the Latin Expreffion Globus IgneuSy vel IgnituSy or a 
Fire-Bally this (though improperly enough) is applied to Red-hot Balls: 
Moreover, the Signification of th& Latin Words IgneuSy IgnituSy and Can- 
dens, is Synonymous, and they are indifferently ufed to exprefs one and 
the fame Thing. 

I do not think it worth while to wafte more Time in perfuading you 
that Red-hot Balls are very ufeful and ferviceable upon Warlike Occa- 
fions, that being a Point which has been indifputably demonftrated by 
many Authors before me ; I therefore have nothing more to do than to 
tell you what is obferved in fhooting them. 

Firft you mufl charge your Gun with the ufual Requifite of Powdery 
and ram it down with a Wooden Tompion that exad;ly fits the Chafe of 
the Piece, the Thicknefs of which fhall be equal to, or not much lefs 
than the Diameter of the Ball j and for the more Security, you fhall 
add to it a Wadd of Hay, Straw, or Tow, or (what will be much bet- 
ter) of the Sinews of Animals fpread out like Tow, and previoully moi- 
flened. This done, you mufl carefully fpunge the Infide of the Piece 
for fear any Grains of Powder fhould be accidentally fcattered in it ; 
and then, point or level your Gun at the Place you defign your Ball 
ioTy according to Art j and let it remain in that Pofition till you put in 
the Bally which fhall be perfe<flly round, and run freely down the 
Chafe : You may take hold of it with Iron Tongs or Pincers, from the 
Forge, which mufl not be far from the Battery ; As foon as you think 
that it is flipt down upon the Wad, fire off your Piece. 

There are thofe who drive Boxes made of Iron or Copper Plates into 
the Gun'y and others who ufe Clay, and then ram the Ball as fafl as 
they can towards the Powder, with a Rammer armed at the End with a 
Copper Plate j but the Firfl Way I have here mentioned is by much the 
fafefl, and leafl fubje^l to Danger. 
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CHAP. XVIII. 

Of Pyrotechnic Hail, which are meant Cafe Shot, or Car- 
touch Shot, Partridge Shot and Grape Shot. 

\T^HAT Pyroholijis mean by Pyrotechnic Haily is a Parcel of little 
Hard Bodies,' which being projected perform an Effedt after 
the manner of Natural Hail j but it is fomewhat more Hard and Pe- 
rilous ; our Artificial Hail being moftly of coarfc Gravel, River 
Pebbles, or any Stones of the bignefs of a Pigeon’s Egg, and fome- 
times of Leaden Balls or Slugs, or little Bits of Iron, and all fuch like 
Things. 

This Hail is ufually fliot at the Enemy, with our Mortars or HobbitSy 
and other Field Pieces. 

This Shot is varioufly ordered •, for fometimes it is (hut up in mden 
Fig. i6o.Cafes or CartoucheSy as you fee in Fig, 160, under the Letters A and B j 
and (bmetimes in Copper or Iron Boxes, as you fee in D and E j finally, 
you muft run Pitch into the Intcrftices of it, to keep the BulletSy Stones^ 
or whatever clfe it is compofed of, together. 

The Length of the Cafe or Cartouch (hall be i | or 2 Diameters at 
moft of the Chafe of the Gun or Piece it is to be projefted from j and 
the Bottom of it (hall be half a Diameter in Thicknefs, the Lid or Co- 
ver i, and the Sides rr only. I here fpeak of Wooden Cafes i for thofe 
which are made of Metal, muft be quite different from the abovemen- 
(ioned in every refpe6t but their Length. 

There are thofe who do not take fo much Trouble with this kind of 
Shot : They firft load the Piece with Powder as ufual, and ram it down 
with a Wooden Tompion upon which they pour in Partridge (as this 
Shot is fometimes called) to the Height of an Iron Bullet of the fame 
Calibre with the Piece, and add a common Wadd upon it. 

Others put it into flrong Canvafs Bags. I have reprefented one Sort 
to you in the Figures G and H, which is very pretty, and in the Form 
of a Bunch of Grapes : The ordering of this is very cafy. In Letter 
F you have a Wooden Tompion with a perpendicular Rod flack into 
the Center of it. The Bottom of the Bag muft be fewed up pretty 
ftrongly, and then filled with Leaden Bullets of 2, 3, or 4 Ounces. You 
muft then fallen your Bag at Top, and pafs Marline over all the Inter- 
ftices of Balls -y in fuch Form that the Circumvolutions of it crof- 
(ing one another, it may look like a Net. This done; dip the whole 
into Pitch. 
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Again j there is a Way ( which is none of the moit defpicable ) of 
making it into Balls, as may be obferved in the Letter C, which is 
done thus. 

Take oi Pitch 4 Parts, of Colapbone one Part, of Wax one Part, of 
Sulphur two Parts, and a little 'turpentine : Melt thefe over a flow Fire, 
and being melted, throw into them 8 Parts of ^ick-Lime ; 4 Parts of 
Powder of tiles ; and one Part of the Filings of Iron or Hammer-fcales. 
Incorporate> all thefe Ingredients well together : Which done, add to 
them as many Pebbles or Mufquet^Balls as are needful. Whilfl: this Com- 
pojition is cooling, make it up in Balls, that may exaflly fit the Gun or 
Mortar you intend to ufe. 

There are thofe who make this Shot into Balls with Plajler, or Pow- 
der of Alabajler : But I fhall refer you to Stone-cutters and Statuaries to 
inform you, how you are to manage thefe Materials. Others again, 
make it into Balls with Dirt or Clay, which they fet to dry in the Sun 
and Wind. 

This Shot or Hail (as we have called it) is particularly ufeful in Open 
Pitched Battles j or when the Befiegers are refolved upon a Storm ; or 
endeavour to poflefs themfelves of an opened Gate j or mount a Breach; 
it is then that the Cannon and Mortars play this Shot in abundance, to 
introduce Death and Confufion among the Aflailants. 

The Requifite of Powder for projecting thefe, muft be the fame as is 
ordinarily allowed for a common Bullet. 



CHAP. XIX. 

Of feveral Sorts of Chain and Bar-Shot, 

T Here prefent you with Figures of feveral Sorts of Chain and Bar- 
■■■ Shot, and fome other dangerous Weapons of a like Nature ; which 
are mofl: commonly ufed in Sea-Fights to difable the Enemy’s Ships, by 
cutting their Rigging, Sails, Yards, Mails, Rudders ; and for deftroy- 
ing feveral other Parts of a Ship, the Names of which are known to 
Seamen only : And at the fame time they do Execution upon the Ship, 
they may deftroy the Ship’s Company. 

The Ibveral Kinds of this Shot may be eafily apprehended by the Fi- 
gures 161, 162, 163, 164, 165, 166, 167, 168 and 169. Fig. 170 F,g. 
reprefents a Box or Cafe into which the five Sorts of Chain-Shot (which *<53, 
you fee) are put when they are projected. That trundle-Shot, which 
you fee in Figure 16 1, has its particular Box, which you fee rcprelented 169, 
beneath it, and dillinguifhed by A ; the three others need no Addition 
to them when they are fired away. 
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All thefe will do terrible Execution in Skirmifhes, AITaults, and pow- 
erful Incurfions of the Enemy, Gfc. In Ihort, the two laft, in Figures 
1 68 and 169, will be ufeful in deftroying Palifado’s, Fraifes, Crow- 
Feet, Cbevaux de Frifes^ Herfes, Portculliccs, Fafcines, and all kinds of 
Wooden Defences and Coverts. In fine, they will ferve to ruin, and 
overitt Baskets f Gabions^ Batteries^ Chandeleers, &c. 

I apprehend that it will be unncceflary for me to inftruft you in the 
particular Ufes of thefe Things, fince a little Pradice and Study will in- 
form you more to the Purpofe, than all the Rules and DIredlions I could 
lay down. 
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BOOK V. 

Which treats of feveral Warlike Machines, fio^d and move- 
alley Bodies of Fire, and other Pyrotechnic Arms, as 
well for War as Recreation, 

N this Book you will have a Colledtion of the princi- 
pal and moft artificial Inventions in all Pyrotechnics^ 
one Part of which fliall be under the Denominati- 
on of Machines or Engines j the other, of Bodies of 
Firei feme of MiJJiles or ProjeSiileSy and Artificial 
Arms^ not to mention the particular Denominations 
of each of them. We might indeed range them all 
under the general Title of Machines i the Signification of that Word 
(according to the Definition of Afeonius) being applicable to all Jucb 
'Things wherein the confiituent Matter is not fo much confideredy as the Ar- 
tifice of the InventioHy or the Skill of the Inventor: And we may fafely 
lay of the Produ(flions of our Art in general, that they can boaft of the 
Fertile and Judicious Conceptions of their Inventors : From hence it is 
that the Latins called ArchiteSfs and EngineerSy Igeniarii or Ingeniofiy in 
which the French have imitated them, by calling all fuch Perfons Inge- 
nieurs ; ( and the Englijh have not much deviated from them, in calling 
them Engineers y) but this is no Place for tracing up the Etymology of 
this Word to its Source. 
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Upon the ¥^hole, the Words Machine and Machination arc of very 
exttniive Import; for under them are couched all Frauds^ under>hand 
Praiftices, Stratagems, Plots, Ambufeades &c. from whence it is that 
Cicefd the Prince of Orators fays, lifdem MacUms Jperant me rejiitutum 
peffe labefa^ariy quihus antea fiantem perculerunt: ‘ They expeft to fub- 

* vert me by the help of the lame Machines^ wherewith they threw me 

* down before from my Profperityj ’ here you are to underftand the Word 
Machine to fignify deceitful or malicious Efforts. Brutus alfo faith : if Om- 
nes adhibeo Machinas ad tenendum Adolefcentem : * I leave no Machine un- 

* worked to prevail upon that Young Man; ’ Meaning thereby, that he left 
no Means unpradiifed to reftrain his turbulent unruly Spirit. Now I ap- 
prehend that I Ihould have much more Reafon to apply this Word to fig- 
nify all our Pieces of Ordnance, whether Ancient or Modern, fuch as Can-- 
non, Culverins, Chambered Peices, and other fuch like: Under this Deno- 
mination we might alfo range Mufquets, Arquebujjes, or (as they were for- 
merly called) Murthering Pieces, and all other portable Fire-arms-, as alfo 
Mortars and Petards, which bear a near affinity in Effeft to the Ma- 
chines of the Ancients, fuch as their Rams, * Onagri, Balijia, Cata- 
pult a and Scorpiones, with which they beat down Walls, deftroyed the 
Enceims of Towns, and from whence they projefted offenfivc Weapons. 
But Upjius (and feveral other Authors) has not honoured them with the 
Title of Machines, and only wills them by the general Word T ormen- 
tum, which is now ufed to lignify our Cannon and Pieces of Ordnance ; 
rcfervii^ Machine for Battering Towers, |j Piutei, § Mufeuli, running or 
rowling Towers^ 4- Samhucae, Tollenmes, and ail foMs of Scaling Engines or 
Afeents, and all thofe Things, under which were fixed the T wmen- 
ta beforementioned, and under which they covered their Soldiers 
when they attacked a Fortrefs or fcaled a Wall. In truth, he was in the 
right to make fuch aDiftindionhetween them, fince their Funftions and 
Offices were fo different ; Juft as here we ufe this Word Machtrte to 
lignify only, certain Artificial Inventions or complicated Heaps of Ar- 
tificiil Fireworks, fuch as Palaces, Triumphal Arches, and other E- 
difices adorned according to the Rules of Civil ArchiteBure, Cajiles, 
Towers, Columns, Pyramids, Obelisks, Colajfufes, Medallions, feveral 
forts of Human Statues, and the Reprefentations of feveral Animals, 
together Widi Fountains, Terrejirial and Aquatick Fire-Wheels, with 
feveral other Things Of this kind, which we lhall treat of in their pro- 
per Places; all which we have called Machines, not fo much on the 
fcore of their Forms (which are vaftly various) as on account of their 
Effects, with regard to vs^hich they not only walk hand in hand with 
the Jlf^^^^/^wabovementioned, but likewife exceed them very confidera- 
bly. We might indeed have taken in all manner of Pieces of Ord- 



. t JuH. Cicero proDom. 17. Brut. Epift. XVIII. * Thefe were Entmts-iax 

mooting ol Stdnei, || Thele-vrere a kind ol tnoTcable Pent-houfes or Gatleries. 

$ Thefe were much the lame with our Gallciiei. 4. Theic were for fcalit|g-of Walls. 
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nance under the general Title of Ctfutmi but bseauie they vary fo 
much from each other in Form, and Property, as well as in 

handling 5 and fincc the particular Conftruftion and Ufe of each of them 
require a feled: Trcatife apart, in order to inculcate a proper Idea of 
them into the Reader; they fhall each have a particular Chapter to 
themfelves in the Second Part of our ^tillery. Now to illullratc 
that the Word Machine would be no improper Term for our Ufc> 

I fhall firft recur to the Teftimony of Mojes^ where he 3&ith, Only 
the trees which thou ktwweji that they be npf trees for mtat, thou Jhalt de- 
Jiroy and cut them down, and thou Jhalt huil4 Machines againft the City 
that maketb War with fhee until it be fubdued. And in the fecond Book of 
Chronicles, where mention is made of King XJzziab : ^ And be made dn 
Jerufalem Machines invented by cunning Men to be on the 'towers and on 
the Bulwarks, to jhoot Arrows and great Stones withal. Again ; that 
Illujirious Prince of Architebls and great Engineer Vitruvius, ftill farther 
confirms me in what I have been laying, by placing Balijla (from 
whence our modern Cannon are deriyed) in the Rank of Machines, gi- 
ving us their Order and Piftin<3:ion to this efic(^ : * A Machine is 

the AJfemblage or ConjunSlion of fever al Members, and calculated for re~ 
moving vajl and ponderous Bodies ; fChe Motion of which is artificially con- 
trived by the Help of Wheels and other Circular Movements, the 
Scanlbrium or Scaling Machine is of one Sort, the Spiritale or Pneu- 
matical Machine of another, and the Tradtorium or Draught Machine 
of a third Sort, the Scaling Sort is adapted for Perfons to climb up, by 
means of Crofs Pieces of Wood or Steps, without any danger, and to help 
in the overlooking of a Place, the Pneumatical Sort, by the Irfation of 
Wind or Air, exprejfes Organmc Sounds, &c. And the Draught Sort is for 
carrying, removing or raifing up great Weights or Burthens, the Scaling 
Machines do not fo much glory in their artful Contrivance, as in the Bold- 
nefs of the Attempt, and are compofed of Chainings, tranfums. Bindings^ 

Joints, Buttrejfes and Props. the Wind Machines are capable of very 
notable EffeBs. But the Machine Tra^tori® or Draught Machines, are 
the mofi Noble of all, as they are more Magnificent, and with a fhare of Pru- 
dence applicable to mighty Ufes: the ABion or Motion of feme of thefe is 
Mechanical, and of others Organnical. Between Machines and Organs 
there feems to be this Difference (namely) the Firjl of them require 
the help of many Hands or additional Strength to ajjiff them in the per- 
formance of their EffeBs: Such as the Ballfl® and the Jeveral forts of 
Preffes. And the latter on the other band operate by the flight artful 
Touch of a Jingle Perfon, as may be obferved in the ProjeBions of the 
Scorpiones and |] Anifocycl® ; therefore are they both ufeful in different 



t Bcuter. XX, In thefe two Scriptural PalTages our En^lijh VerCoa ufes the Word Enj^e. 
X Chr. Book II. Chap. XXVI ver. xv. * Vitruv. Lib. X. Cap. 

{| This was an Engine compofed of a great Namber of Wheels or Movamenti. 
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ReJpeSfs and Occurrences^ and without them we Jhould be oftentimes em^ 
harrajfed in the carrying on of Works. 

From hence there may be thofe who will objc£l againft me, and 
fay, that our Cannons^ Mortars^ Retards^ t£c. might be more pro- 
perly called Organs than Machines^ and that they particularly ought to 
be called fo (according to the Definition above from Vitruvius) becaufe 
the greatefi; Part of them may be managed and governed by one Per- 
fon. But to this I reply; that the Word Organ cannot for that 
Reafon obtain with regard to the Greater Pieces, fuch as fome of 
the larger Cannon and Mortars^ which cannot be loaded and play- 
ed by one Gunner, or laid to pals by one Pyrobolijiy but require the 
Work of many Hands ; add to this, that they not only require to be 
tended by a Number of Men ; but it is alfo neceflary to have 
Horfes to move and tranfport them from Place to Place : But I mull 
confefs that Mufquets, Piftols, and other Portable Arms might not 
improperly be called Organs^ as well as the Scorpiones, Bows, and 
Crofs-Bows of the Ancients : However, if this will not fatisfy you, 
e’en call them MachineSy as we have called our Cannony and as the ce-» 
Icbratcd Ericius Puteanus has called them in his little Book of the 
^reble^Barrelled Gun invented by Mic. Flor. LangrenuSy where he 
faith: At lengthy though latCy the Firelock, that Machine of Ma- 
chines, was invented, and was firfi ufedby the Danes. (And a little low- 
er) Now fince this Machine is contrived to carry three Bullets, very 
conveniently and in very little Room, &c. And a little lower he does 
not even fcryple to call Piftols Machines. This anfwers very much to 
our Purpofe ; but let us refume our Subje<ft. Comprehending then all the 
Warlike Inftruments above recited under the general Denomination 
of Machines, we will under the Title of Bodies of Fire take in the 
feveral Pyrotechnic "Tubes or Cafes as well Recreative as Warlike, 
Cylinders, Stocks, Barrels, Sacks, Baskets, to which wc will add 
Crowns, Garlands, Fire»-Hoops, Staves, Cups, and all other Arti- 
ficial Fire-Works of that Kind. Under the Title of MiJJiles (by 
which are meant Proje£Hles) wc will range Fire-Darts, Arrows and 
Javelins, Fire-Pots and Flasks: Under this Head we might alfo 

difpofe of our Recreative and Military Globes, all which we have 
amply treated of in the Preceding Books j but each of them be- 
ing already diftinguiftied by particular Appellations, they feem to be 
excluded from this Lift : And indeed they bear little or no Refem- 

blancc to thefe in Point of Form, though they may with.as much 
Propriety as thefe be ftyled ProjeSliles, from their being cither thrown 
or fhot. In fine, under the Tide of Artificial Pyrotechnic Arms 
wc comprehend Targets, Shields, Swords, Poles, Clubs, and Lances. 

And upon the whole, as thefe Things are partly Recreative and part- 
ly Warlike, we will divide this Book into two Parts; the Firft of which 
fhall treat of the Former, and the Second fhall inftruft you in the Latter. 

PART 
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PART I. of this BOOK. 

Which Treats of 



RECREATIVE MACHINES, 



Majfes or Bodies Fix'd and ProjeBile^ and 
Arms Artificial and Pyrotechnic aL 



CHAP. I. 



Oy Artificial Shields and Bucklers. 



SORT I. 



lKE two Fir or Lime-Tree Boards well dried and planed i Fig. 171. 
of the Thickncfs of a Finger or thereabouts j and get them 
made Round by a Joyner, if you cannot do it yourfelf. They 
may be 3 Foot in Diameter, but that is left tb the Difcretion 
of the Workman, Upon baeh of thefe Round Boards trace out a Spiral 
Line, beginning from the Center of each of them, and continue it 
within an Inch of the exterior Circumference of them : The Revolu- 
tions of thefe Spirals muR be Parallel or iFquidiRant from each other, 
and their Diftance may be 3 or 4 Inches or Fingers. Along thefe Lines, 
you muft cut out a Groove of equal Breadth and Depth throughout^ 
with an hollow ChilTel ( I fliewed you fome fuch in Book III.) or fome 
fuch Tool, fo that thefe Grooves may either bear the Form of a Con- 
cave Serfli-Cylinder, or of a Parallelopiped. The hollow Channels or 
Grooves when they are narroweft fhall be always 6 Lines, and when 
broadeft one Inch. Thefe Spiral Cavities muft be wrought upon each 
Board with fuch ExacRnefs and Nicety, that when you come to join 
them together the outward Extremities of each may exactly meet and 
correfpond with one another, in fuch manner that from their Meeting or 
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Termination they may mutually involve together, and form a Spiral 
Hollow Cylinders and therefore if you would have them aniwer cu- 
rioufly in this particular, you muft fo order it that the Spiral Lines 
you foft draw upon the aforementioned Boards, may be exaftly in the 
middle of the Channels or Grooves which you cut out, or link into 
them. This done, you Ihall fill the abovefaid hollow Spiral Cylinder 
with ^ick Match loofely twilled, or with a Jl(m Compoftion fprinkled 
over with a Gum Water, that it may Hick together and adhere the bet- 
ter; to the end that when you come to join your Boards, the Compoji~ 
tion may not fall out of your Spiral Cavities, and by that means waftc 
your Time and fruftrate your Labour. This done, nail them together, 
and to fecure them Hill the better, you may alfo glue them. After this, 
you Ihall trace out a Spiral Line upon the outward Surface of cither of 
your Boards, (fo as exadHy to correfpond with the interior Spiral) which 
muft be bored with fmall Holes, into which you muft thruft the Fuzes 
of fuch Crackers as I gave you in Fig, loS under the Letter B, which 
Crackers muft be at the Diftance of two good Inches from one another, 
for fear when any one of them in particular goes off and burfts, it ftiould 
fome how or other incommode thofe next to it : And therefore muft 
their Fuzes be firmly glued in the Holes they run into, and themfelves 
be well glued to the Board, and re-inforced with thin Iron Plates on the 
Outlidc, or with good Marline or Packthread to prevent them from fly- 
ing abroad. To the Inner Side of this Shield (by which is meant that 
Side of it which is next to the Body) you Ihall fallen two Straps or 
Loops of Leather, or fomething of that Nature, that you may conve- 
niently handle your Buckler. In Ihort, you muft pafte or glue a Angle 
Paper over all thefe Crackers^ which muft be done fo artfully as to fwell 
out in a round Knob or Bofs, or elfe projeeft in a Spike or Point towards 
the Middle, and by means of the Bofs or Spike ^ar the exa<ft Refem- 
blance of a real Warlike Shield : And in order to dilguife the whole the 
more efledlually, you /hall paint it over of an Iron or Copper Colour. 
There now remains nothing farther to do in this Cale, than to bore an 
Hole whereby to fire it, if fo it be that your Inward Cavity does not 
come out to the Edge of the Shield. When you would have the Plea- 
fure of feeing the Effedls of this, fet fire to the inclofed Matter without 
apprehending any Danger, and let the Perfon that holds it Hand firm 
at the Explofion of each of the Crackers^ and not offer to throw away 
his Arms till the whole Procels of its Operation is compleated. See 
Fig. 17 1. 



SORT II. 

F»g. i7»- What we have ordered for the preceding Sort as to the Proportions 
of the Boards, the Form, Size, Spiral Lines and Cavities, the filling of 
them with ^ick Matcb^ the Faftening and Conglutination of the two 
4 Boards, 
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Boards, the Straps or Handles, and the Manner of covering the whole, 
muft be likewife obferved in the Conftrudtion of this : There is only 
this one Article that conftitutes a difference between them, ( namely ) 

That inllead of Paper Crackers parallel to the Plane of the Surface of 
the Sbieldy you mud: Hick in Running Rockets or Iron Crackers perpendi- 
cularly to the faid Plane : The Holes for receiving them lhall be bored 
clofe home to the included Match or Compojitiony and fhall be of fuch 
Breadth as is required by the Size of your RocketSy &c. Obferve here, 
that your Inner Cavity that holds your Matchy may be made a little nar- 
rower than in the preceding Shield becaufe the Fire purfuing its 
Courfe in that Spiral Direftion, and flicceffively preying upon the in- 
cluded Matter, its breathing Holes or Vents are larger, and in greater 
Number, by its driving out thefe Rockets and Iron Crackers than before. 

Letter A points out the Place where you arc to prime, and fet fire to the 
whole. See Pig, 172, 



SORT III. 

The Figure which you fee in 173, reprefents the Form of an ancient Fig. 173. 
PJcutcheon. This alfo is conftru( 5 ted much after the fame manner with 
tl^ above Shieldsy it being compofed of two light Boards : But there is 
this Difference fubfifting between them, that the Interior Cavity of this 
is not farmed in a Serpentine or Spiral Diredtlon, but is only a Complex 
Line according to the Breadth of the Efcutcheon j I mean, that you 
muff draw Parallel and Vertical Lines (at the Diftance of at moft a Fin- 
ger from the Edges of the Boards) which laft muff alternately be pro- 
duced from the Extremity of one Parallel Line to another j fo that by 
their mutual Terminations in each other, they may all together form as 
it were one continued Line, and confequcntly that the Cavities hollowed 
out in that Direction may be one continued Cavity compofed of feveral 
Branches (fbmething like the Meanders of a River) defeending from the 
Top of the Efcutcheon to the Bottom. The Parallel Lines or Cavities 
fhall be 2 or 3 Fingers from each other, as we faid above. The Holes 
which you bore for your Running Rockets or Crackers muff be in fuch 
order as not to be diredlly under each other, but in fuch a Pofition as to 
be Triangular-wife, or in fuch Manner that four of them may include 
or form a RbomhuSy compofed of two fimilar and equilateral Triangles, 
by means of which the RocketSy &c. will be at a convenient Diftance 
from each other. As for any thing farther relating to the Efcutcheony 
it is the fame with what we have above diredled. You may contrive to 
give it an artificial Belly or Swelling in the Middle according to the Big- 
nefs of it, that it may have the better Appearance, and that rifing out 
towards the Middle it may have the Shape of a Pan-tile, or fomething 
of that kind. 



SORT 
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SORT IV. 

I here prefent you with another Efcutcheon which is of an Oval or 
fig- 174- Elliptic Form, as you may fee in Fig. 174 ; The Conftrudtion of this is 
fomething like that of the preceding j but inftead of fingle Rockets or 
Crackers^ you muft have little Wooden Boxes, or Paper Cafes, or Cartouches 
as A, filled with Running Rockets ^ which fliall be alternately dilpofcd 
as in the lafi; Sort, {vizi) Triangularly or Rhombufidical. Your Cavi- 
ties aforementioned muft be in Proportion to the Length and Breadth 
of the Efcutcheotiy and the Parallels may be joined as in the laft Sort by 
Vertical or Tranfverfal Lines or Cavities, which Ihall turn to and exact- 
ly humour the Sweep or Form of the Efcutcheon^ as in the foregoing 
Sort. Upon the whole, you may (if you pleafe) make your Inner Ca- 
vity in a Spiral Direction, exactly anfwering to the Form of the Efcut- 
cheon^ and then difpofe of your Boxes or Cafes juft as you did with the 
Rockets and Crackers in the firft and fecond Sort : However, you muft 
take care that the Revolutions of your Spiral Cavities ( and the fame 
thing muft be obferved, if your Cavity is wrought in a Rcdtilinear Di- 
redlion) are at a much greater Diftance from each other than in the for- 
mer Figure, and that, in Proportion to the Size of your Cafes, which 
upon the fcore of their Largenefs ought to be at a greater Diftance 
from each other than the fingle Rockets and Crackers that do not pro- 
duce fo great a Fire. If the abovefaid Cafes are made of Wood, they 
ftiall have their Bottoms bored with a fmall Hole, into which you muft 
thruft one End of a little Fuze (made of Copper or Iron ) filled with 
Meal Powder, which muft be driven very hard in it j the other End of 
each of thefe Fuzes fhall go into the Board which forms one Side of 
your Efcutcheon, and muft bear upon the Combuftible Matter contained 
within it through fmall Holes made to receive them j and by them the 
Fire will be conveyed to your Cafes of Rockets, and caufe them to de- 
part. If your Cafes are made of Paper, you may leave them open at 
Bottom, and let them into the Outward Surface of your Efcutcheon to 
the Depth of two or three Lines, and fecure them fall with Glue, hav- 
ing firft bored little Holes through the Board aforefaid, (which muft be 
filled with Meal Powder) which muft be exa(ftly under the Middle of 
the Cafes, This done, you fhall head up all your Cafes with Cornets 
or Paper Cones, if fb it be that the outward Surface of your Efcutcheon 
is to be flat and bare, but if it is to be fomewhat raifed or fwelled in the 
Middle ( which may be eafily done by a Covering of Paper or Cloth) 
their Heads fhall be flat. Any thing farther relating to this, may be 
gathered from what has been faid of the preceeding Sorts of thefe 
Shields. 



SORT 
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SORT V. 

The laft Sort of Buckler^ which you fee in Fig, 175, cannot be per- Fig- 
formed till you have a previous Knowledge of the Conftrudtion of Fire- 
Wheels : I ihall therefore referve what I have to fay of it till I have 
treated of Wheels : I fhall only here inform you, that this Efcutcheon 
may be of what Form or Figure you pleafe, and that it muft be made 
but of one fingle folid Board, and that the Surface of it may be flat, or 
fwelled out in a Bofs in the Middle of it j and finally, that the Fire- 
Wheel muft be fixed exaiftly in the Middle of thd Efcutcheon or Buckler^ 
upon a fmall Axle or a round Pin firmly driven into the Wood, that it 
may turn round the more Freely. Every thing farther concerning this 
Machine will be taught by the Sequel. 



CHAP. II. 

0/ F I R E-C UTLASSES. 

AT AKE a Cutlafs of two Pieces of fmooth dry Wood, after the F»- 
ftiion of a Polijh Sabre or furkijh Scymitar^ with a crooked Back 
and only one Edge, as may be feen in Fig. 176 : Put the Edges of your F<g- 
two Boards together, and keep the Back open to the Breadth of two of 
three Fingers, fo that between them there may be a Hollow, whole 
Profil or tranfverfal Section anfwers to an Ifofcel'es Triangle. Divide 
the whole Length of this Cavity by little Triangular Partitions of 
Wood, exadly fitting the Form of the faid Cavity, and glue them well 
to the Innerfides of your Cutlafs^ and to faften them ftill the better drive 
little Wooden Pegs into them from the Outfide, or elfc little Brads; 
You fhall then add a Gripe or Handle to it, that it may be conveniently 
handled and managed. But before you faften in your little Partitions, it 
will be proper for you to make a little Groove or Channel within-fide* 
right over the Conjunction of the two Edges of your Boards, into which 
you muft put Slow Compojition to the Height of half a Finger, or elfc 
you may lay ^ick Match iii it, and cover it with a thin Sheet of Lead, 
or with a thin Slip of Board, over which you muft glue or pafte a Piece 
of Paper, to keep it down upon your Primihg. You muft not fofget to 
bore little Holes through which your Compojition or Match may corre- 
fpond with each of your Partitions, and accordingly fire the Running 
Rockets (or Squibs) Starts Sparks^ Light-Balls^ or other fuch like Things 
wherewith thofe Partitions are ufually filled tip. In fhort, after having 
pafted a ftrong Paper over the Back of your Cutlafs^ you fhall coat it all 
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Ground with a Cloth, and paint the Blade of it In Imitation of Iron. If 
you would have any additional Pleafure from this Machine^ you may on 
each Side of the Blade flick Crackers in Saltier j that is, in Form of 
St. Andrew*^ Crols, as may be obfcrved in the Figare. The Touch-hole 
where you are to fire your Compojition or Matcbt mull b« near the Point 
Oi yoxxT Cutlafs<. 



CHAP. III. 

Of an Artificial Hanger or Dagger. 

Fig. 177.^^ HE Form of the Hanger you have in Fig, 177, is not very 
different from that of the Cutlafs I juft now defcribed ; This like 
the former is made of light dry Boards. The Edge of it is hollowed in 
the Form of a Concave Semi-Cylinder j in which you are to fix Rockets 
of 8 or 10 Ounces, more or lefs in Proportion to your Hanger, and in 
Proportion to the hollow Edge of it : You lhall fill them with one of 
the Slow Compactions I have already given 5 but for want of them, the 
following Compojition will do very well. Take of Powder 5 Parts j of 
Stdtpeter 3 Parts j of Coal 2 Parts, and of Sulphur one Part j beat, mix, 
suld incorporate them well together, and fill up your Rockets with it to 
the Brittle without capping them or adding any Report to them as is 
comttvohly done for Rjockets j in fliort, without heading up or boring 
them at all, lay them open one upon another in the hollow Edge of your 
Hanger, and gluing them well on, cover them over with Paper. Far- 
thermore* you may on each Side and on the Back of the Blade flick 
Paper Crackers, in luch a manner as not to be ftiaken or torn off : To 
conclude, each of your Crackers /hall corre/pond with the Rockets by 
little Fuzes fill^ with Meal Powder, through which the Fire may be 
conveyed to them from the Rockets, 



CHAP. IV. 

0 / ARTIFICIAL SWORDS. 

IT is wafting of Time to beftow more of it upon the Performance of 
any Thing than the Nature of it requires j a due Regard to which 
Maxim /hall be had in this Chapter j for in truth, the Figure of the 



^ The 'Ermh calls this Dtm'j-Bffadtn, 
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Fife-Sword winch you have in Nufinbef 178, needs not the leaft Expla-^'S* ^78* 
nation i for it ddters in nothing but in Form from the Artificial Hanger 
above delcribed : TlictefOre to avoid an im|>crtinent Repetition of what 
has already been faid, afid the Trouble of inventing new Terms j I 
fliall tell you in feW and plain Words, that the ConftrU^ion of the 
Fire-Sword does not vary a Nail’s-bteath from the Conftruiaion of the 
Hanger above. 



CHAP. V, 

Of FIRE-POLES or RODS. 

Y our Fire-Poles fliall be of the Length of 10 or 12 Foot^ and off’'S- * 79 « 
the Thicknefs of 2 Inches at moft. You muft hollow one of the 
Ends of it with 3 or 4 Flutes to the Length of 2 or 3 Foot. Into one of 
thefe Flutes you muft fix Rockets or Squiks prepared after the manner 
we ordered above ; but in the others, you muft fix Paper Crackers on- 
ly j after having bored Holes through the Body of the Pole through 
which the Rockets may have Communication with the .*• Wrap 

them then neatly in Paper, the more elfe6lually to deceive the Spefta-^ 
tors. Se^Fig. 179. 



CHAP. VI. 

0/ F I R E-W HEELS. 

SORT I. 

moft common and fimple Sort of Fife-H^eels is that which 
you fee reprefented upon Our Shield or FJcutcbeon in Ftg, 175* It Fig. 175’. 
is made of light Fir or Lime-Tree Boards well jointed together, and 
wrought in an Odangular Form. In the Center of it is a little Nave 
into which the Spokes of the Wheel arc fixed, which fupport the Fells. 

The Eight Sides of this arc fluted or hollowed juft as we have ordered 
for the Hangers and Poles-, into which Flutes or Grooves you glue 
large Rockets (namely) one, two, or more, according to the Dimenfions 
of your Wheel. But it is in this Cafe necefliary that your Rockets ftiould 
be bored juft like Sky-Rockets, and filled with the uliial Rocket Compofi- 
tion J they (hall likewife be choaked at Top, faving only a moderate 
Hole in the Head of each, by which the Fire when it has confumed 
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one of them may pafs to the next to it, and fo on till they are all bur- 
ned out fucceffivcly one after another j but the Head of the lalt muft 
be carefully (topped or clofcd up, and you muft fome how or other 
contrive that it be not in danger of being accended nor incommoded by 
the redundant Fire iftuing from the firft. To conclude, you may to 
this laft Rocket add a Report of Corn Powder. 

SORT IL 

Fig. t8o. This Wheel Is a little more Artificially contrived than the foregoing. 
As to the Form of it, it is perfedtly round, and has a Flute or Groove 
all round the Convexity of it, into which are fixed fuch Rockets as we 
ordered above : On each fide of the Fells (as they arc commonly called) 
you muft firmly fix Paper Crackers^ which (hall correlpond with the 
Rockets by little Fuzes filled with Meal Powder. Fig. i8o will give you 
a compleat Idea of every thing cl(« relating to it, 

SORTS III and IV. 

Fig. i8i. The Conftrudion of the Wheel I am now going to give you is much 
the fame with that of the Firft Sort, and in point of Form is exadlly like 
it. But this exceeds the foregoing two, inafmuch as it has two Rows or 
Revolutions of Rockets, in confequence of which it has two contrary 
Rotations (namely) to the Right and the Left, or Forwards and Back- 
wards. But you may imagine that thefe Rotations are not performed at 
the fame ti|{Le} but whirling round in one particular Direction till the 
lower Range of Rockets is fpent, it turns back again by a Retrograde 
Rotation when the upper Rockets are fired, by means of a private Fuze, 
Call your Eye upon Fig. i8i, where you will fee how all this muft be 
ordered. 

Obferve here that all the Rockets (or Wheels) we have here mention’d 
muft be either in a Horizontal or a Vertical Pofition; that is, whilft 
they are burning, they muft turn upon an Iron Axle (fuch as you fee in 
Fig. iSz.Far^. 182) either parallel to the Plane of the Horizon, or perpendicular 
Fig, 104- jQ it. Under Fig. 204, I have reprefented an Horizontal Wheel di- 
ftinguilhed by the Letter E, and clofe by it a Vertical one in the Letter 
G. Remember here that this Horizontal Wheel holds the Fourth 
Place of Fire-Wheels \ becaufe it is in fome fort different from the reft^ 
its fuperlor Plane being all ftuck full of Running Rockets (or they may 
be Sky Rockets if your Wheel is big enough ;) add to which, that the 
Conftruiftion of it approaches pretty near to that of the Shield or 
Buckler of the Second Sort, with regard to the Rockets that are ftuck 
into it: As to any thing farther concerning this Wheel, you may ga- 
ther it from what has been faid of the preceding Sorts. 



Befides 
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Befides thisj I here give you a round Whetly of which is formed a 
Bafon of a Fire Fountain. This you have in Fig, 202, diftinguiihedFig. 202. 
by the Letter B. The Plane of it is pointed out by E, but the true 
Orthography of it, and the manner how it is to be contrived fo as to 
turn round upon a Tube or Cafe of Compojition may be icen in F. But 
let us go on, for we (hall have occafion to /peak more particularly of 
this in the Sequel. 



SORT V. 

In order to conftrudt this Fifth Sort of Wheels you mull firll have a F?g. 1I3 
pretty large Wooden Bowl or Dilh, with a broad flat Brim, fuch as you 
fee in Fig. 183, under the Letter B. Then you mull have a light, dry, 
fquarc Board, of 2 or 3 Foot in Breadth each way. Saw olF the Cor- 
ners of this Board and convert it into an Odlangular Table, and cut out 
a round Groove (or as the Original has it Semi-cylindric) all round the 
Thicknefs of it. This done ; cut out a large round Hole in the mid- 
dle of this Odangular Board, in which you mull fix a Water-Globe, or 
fomething of that kind, or fuch as thofe we gave you in the Third Sort 
of Running or Leaping Globes-y but be the Ball what it will, you mull 
fo order it that one of its Hemilpheres may be hid and received in your 
Wooden Bowl, and the other rife up above your Odangular Board : 

Nail down this Board upon the broad Brim of your Bowl or Dilh, and 
fix your Globe in the middle of it, as we faid above, and tye it down fall 
with Wyrc, or lecure it by any other Contrivance lb as to prevent its 
cfcaping out of the Bowl. This done ; glue fuch Rockets as we faid a- 

bove in the Groove that runs round the Thicknefs of your Board, lay- 
ing them dole after one another, fo that fucceflively taking Fire from 
one another, they may keep (as long as they lall) whirling the Wheel with 
one uniform Rotation. If you will you may add on each fide of the Wheel 
three or four fuch Boxes or Cafes as we mentioned above, which mull be 
credled perpendicularly to the Plane of your Odangular Board: To con- 
clude, you may upon the fame Board or Plane range a Number of Crac~ 
kers lengthways following one another ; of thefe you may not only have 
one Tire or Range, but two or three Tires one within another, jull as you 
fancy, and as the Extent of your Wheel (as we have called it) will permit. 

Your private Trains or Fuzes lhall oblerve the following Order j firll 
condud one to the Rocket which is to take Fire the firll from the Globe 
fixed in the middle, whofe Side mull be pierced clofe home to the Com- 
pojttion it contains j let this Train be of Meal Powder and clofely cove- 
red up. You mull then have Trains or Fuzes of Communication from 
the Rockets to each Box or Cafe, and from them to each Crockery and 
from the outward Ranges or Tires of Crackers to the Inner, if lb it be 
that you have more than one, All thefe Trains mull be of Meal Pow~ 
der. 
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The Boxes or Cafes muft be ordered and fixed> as we directed in our 
Fourth Sort of Shields. FinaHy, the whole as compounded of all' its 
Parts {hall be univerfelly coated with Pitch, fo that your Wheel being 
committed to the Water, that Element may not have the A<feait- 
tance into your ’Trains^ Rockets, Cafes and Crackers, nor into- yom 
Bowl or Dilh } for except it be very fubflantially coated over, your La- 
bour will vanifh in Smoke, or (to fpeak more proper in the prefem cafo) 
turn into Water, arid balk you of the Diverlion you expedled. In 
doing this then, the PyroboHJi will haire an Opportunity of difplaying 
his Induftry and Skill. 

Obferve here this Firework muft be enkindled in the Middle of i,t, 
and as foon as your Compoftion is thoroughly fired you muft eafc it gent- 
Fig. 183. ly dbwn into the Water, Caft your Eycf upon the Fig. where you will 
fee a Curious Reprefentation of every thing we have here deferibed, 
diftinguiihcd by the Letter A. 



CHAP VII. 

Of Artificial Clubs or Maces. 

SORTS I and II. 

I Shall not here take up your Time with a particular detail of the fc- 
veral Sorts of Clubs which Pyrobolijis have been pleafed to invent and 
deferibe j for (as I have already faid) I do not propofe to dwell upon any 
thing that is trivial, nor to fWeep out our Pyrotechnic Granary to the 
minuteft Straw, but only by an affiduous Labour and Induftry to pick 
out the choiceft Grains of our Pyrotechnic Stores for you : And there- 
fore I fhall only prefent you with the three following Sorts. The two 
Fig. 184. firft of which Fig. fi84 and 185 ) are perfectly like the Water Globes of 
Seventh and Ninth Sort, and therefore I fhall refer you to them for 
the Coiiftrudlion of thefe. You need only add handfome turned 
Handles to them, fuch as you fee reprefented in the Figures themfelves, 
or any other that our PyroboHJi ftiall like better. To this I ftiall fubjoin 
a Compoftion that I take to be more proper and convenient for thefe 
than what is ufually made for Water Globes. Take of Pitch i lb ; of 
Sulphur and of Coal^\y\ beat, mix and incorporate them well to- 
gether, and fprinkle them over with any fat, oily Subftance or with 
Brandy, and charge your Bails with this Mixture : Or if you pleafe to 
make ufe of the Compoftion we ordered above for the Cutlafs it will 
do very well and is Very fit for this pUrpofe* 



SORT 
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SORT IlL 

Get a Club turned with its Handle and a Spheroidical Head, and let Fig. 186. 
it have a Spheroidical Cavity witbinfide ; but this Cavity muft be fo con- 
trived that the Solid Subftance of the Wood or Shell be throughout of 
the Thickncls of five Inches at leaft : Or elfe it may be bored with a 
round Hole from the Top to the Middle of it, of the Breadth of 3 or 4 
Inches. Farthermore, you muft bore the Sides of it all round with 
Holes of the Diameter of 3 or 4 Inches, and to a Depth anfwering to 
the Length of a Running Rocket^ all which Borings muft tend to the 
Cavity in the Middle. 

You muft then bore fine Holes branching from the Bottoms of thefe 
great Cavities, to that in the Middle, in which they muft all terminate ; 
and thefe fhall be filled with Meal Powder. This done, make Paper 
Cafes upon a Rowler, which muft be a little lefs in Diameter than the 
Cavities abovementioned j thefe Cafes fhall be neatly parted together, fo 
as to flip eafily into the Cavities they are to be fixed in j and if you will, 
you may make Paper Bottoms to them, provided that thofe Bottoms are 
pierced in the Middle to give the Fire Conveyance to the Rockets which 
are confined within them : Having fixed them in the Holes of the Head 
of your Club, you muft cover each of them up with a Paper Cone, af- 
ter having capped all your Cafes with a round piece of Paper, to 
keep them from falling out of their Holes : You may fill the middle- 
moft Cavity of your Club with the Compojition we juft now gave for the 
two foregoing Sorts j or you may ufe the following, which is much of 
the fame Nature. Take of Saltpeter one tb j of Sulphur Ib fs ; of Pow'- 
der ^ iiij ; of Coal 3 ij. Finally, dip the whole Body of your Cluby armed 
as it is with its pointed or conic Heads, into a good Quantity of melted 
Pitch, or coat it over with Gluej in a Word, paint ir over of what Co- 
lour you pleafe. SeeF%. 186* 



CHAP. VIII. 

Of the FIRE-STAFF or STICK. 

* I 'He Fire-Staff may fometimes fupply the want of an ArtiJicialY’yg, 187. 

JVheel, inafinuch as it is contrived to turn and whirl round upon 
an Iron Nail or Axle, which is an Adion common to Fire4Vheels: As 
to the Conftrudion of it, it is neither very coftly nor tfoublefome : You 
are to fill two Sky-Rockets of what Size you will with a futable Compoji- 
tion up to the Brim j and bore them to ? of their Height with a proper 

Borer 





324 Great Art of Ar tillert. Book V. 

Borer or Taper-bit. Then get a folid Wooden Ball turned with two 
Arms or little Axles Diametrically oppofite to each other, and exadlly 
fitted to the Orifices of the liockets into which they are to be ftuck. Bore 
then an Hole through the Body of your Ball, interfedting the Imaginary 
Line which paffes through the Center of the Arms or Axles of your 
Ball at right Angles; To the Outfide of thefc two Rockets you may fix 
Crackers all on the fame Side ; but their little Fuzes muft be 2 or 3 Fin- 
gers from the Orifices or Heads of the faid Rockets. On the Side oppo- 
fite to thefe Crackers there muft run a long Tube or Fuze, through 
which the Fire may be conveyed from the firft Rocket that burns out to 
the Choak of the other ; which ftiall be covered with a little Paper Cap, 
as we ordered formerly with regard to Rockets that run upon Lines. In 
the Profil {Fig. 187.) you fee the Wooden Ball with its two Axles diftin- 
guifhed by the Letter A, as ftuck into the Orifices of the Rockets ; B 
and C are the two Rockets as filled with Compojitioity and bored as they 
ought to be. E and F are the Paper Crackers. D the Tube or Fuze j 
the reft may be learned from the Figure itfelf. 



CHAP. IX. 

Of the FIR E-C U P. 

Fig. iSS. ^ Goblet to made of Wood or Metal, after the 

Faflrion of any Drinking-Cup that you like beft j as for me, I 
find none better adapted to this Purpofe, than that which you fee repre- 
fented in Fig. 188 : The Lower Part or Leg of it muft be bored from 
the Foot up to its Concavity, into which Boring you (hall thruft a 
Wooden or Metal Fuze filled with the following Compofition^ which 
will yield a very black obfeure Fire. Take of Pitch § iiiji of Sulphur 
J ij i of Coal ^ j J of Crude Antimony \ ij j and of common Salt \ j. 

Fill the Capacity of your Cup viitFs Running Rockets (or Squibs) af- 
ter having faked the Bottom of it over with a Mixture of Meal 
and Corn Powder to make them fly out. Shut them in, and cover them 
with a round Board of the Thicknefs of 3 or 4 Lines, and that, to fuch 
a Nicety that the lower Surface of it may bear upon the Heads of the 
Rockets^ and its Circumference exactly correfpond with the Concavity 
of the Cup. Then pitch the remaining Cavity of your Cup up to the 
Brim, and cover the round Board upon the Rockets with a tarred Cloth, 
to keep it tight, and to prevent any of the Pitch from running in among 
the Rockets. 

The ingenious Pyroboliji may apply this Cup to a thoufand artful 
Ufesj particularly in drinking to the Health of fomc Perfon of Diftin- 
4 dlion, 
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dtion. He nca«i Qftlji firft fire the Fu?c or Caib that runs down to^ the 
Center of the Foot of this Goblej, and whilft that is burning, tofs off 
at OTc»:vwhaft-LiquQris in it, and immediately lifting it above his Head, 
keqi it in that Situation till Rockets are fired and flown out of the 
Cup : But I muft here tell you, it is proper that you fliould have 
no more Wine,in it than may be drank off at one or two Gulps } or elfc 
it may be neceflary for the Drinker to have a Throat formed after the 
German. Fafliioa ( I ask Pardon ) I mean the Grecian \ to fwallpw it 
down at once, if there be a good Qi^fity of it % fbr'in this Cafe you not 
only run the Hazard of burning ypur Nofe, but alfo of fppiling your 
whole Face. Now befides the Qup I have here given you, you may 
confult 200 and 20 1, where you will find other?. 



CHAP. X. 

Of Artificial Cafes or Tubes. 

/^F all the Pfrofecknkal Inventions that have been brought to light, 
there are none fo important or neceflary in the ConffruifUon of yfr- 
tijicial Pyrotechnical Machines (which we fliall treat of in the fubfequent 
Chapter) as thefe Cafes or T’ubes-y for I believe it is impoflible to think 
of any Contrivance, that would be more proper to fill up, fupport, and 
bear a whole Macbiney or to throw out fuch a Diverlity and Redundan- 
cy of Fires, in what Order and Succeflion the Pyrobolifi thinks fit to pre- 
feribe, than thefe Cafes, which are ufed in Pyrotechnics : And there- 
fore I fliall here prefent you with fome of thoic §ort§ which are in the 
greatefl: Requeft among Fire-Rngineers^ and that, in the moft regular 
and confpicuous Order I am able. To begin, 

SORT I. 

In Fig. 189 you have the Conftrudtion of a Cafe compofed of feveral Fig. 
Pieces or Boxes, whole Height is arbitrary, and may be as you pleafe. 
Now all thefe Boxes have hollow Bottoms adapted to receive and cover 
the Boxes which are immediately under them. If thefe Pieces arc 
made of Wood they muft fo cxaftly fit, and receive each other, that it 
may be difficult to diftinguifli the whole from one continued Piece ; If 
on the other baud thqr are made of Paper (which 1 like befl both 01^ 
the icore of iheir Stret^th and I^ghtnefs) you mufl;, in Confideration 
that iihty arc ail of one Size, pafte on a Foot or Bottom of about a 
PalminHc^bt jo each of them, the Interior Circumference or Con- 
cAiky of whueb Bottoms mull exactly fit and correfpond with the Con- 

O o o o verity 
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vexky of the Boxes or Cartouches themfelves : In fliort, they muft be fo 
contrived as to flip into and fit each other. 

I know of nothing more convenient for the Conftruifrion of thefe 
Boxes than the Engine diftinguiflied by the Letter A, and the two Cy-- 
liridrical Formers by B and C, upon which ( having previoufly greafed 
them over with Soap) you fa/hion your Boxes jull: as you think proper, 
by pafling one Revolution of Paper upon another, turning round your 
Former which has an Axis at each End, fiifpended upon two Crutches j 
and having an Handle at one End to turn them round with. Be- 
ing thus formed, put them to dry by a moderate Heatj for if you 
dry them fuddenly by a brisk Fire, they will ihrivel up : And therefore 
as foon as they are taken off from the Former, you immediately clap 
round Wooden Boards into them to ferve for Bottoms, which are fub- 
ftantially glewed into them, and afterwards nailed in from the Outfide 
to fix them in flill the more firmly. The Wooden Fuze belonging to 
the Bottom of each Box mull be ordered and filled jull after the fame 
manner as we diredled above for the fourth Sort of JVater-Globes and 
the Rockets (hall be fixed after the fame Falhion. Now, if you are de- 
firous of feeing how all thefe Cafes are adjufted and fixed in Pyrotechni- 
cal Machines, call your Eye upon the Statue of Fortune which we have 
reprefented vciFig. 202, where you will fee one of thefe dillinguilhed 
at large by the Letter A. 



SORT II. 

In the preceding Sort, I have given you a Cafe compofed of leveral 
Pieces, which are dellroyed and blown up by Degrees, as fall as the 
Rockets contained in one of them can force away the empty Box luper- 
incumbent upon them, which has already difcharged its Load ; but I 
here prefent you with fome that are folid, and which always Hand pof- 
fefs’d of their full Height 5 and only bear Artificial Fire-works- on their 
Outfides, which being ranged in a continued regular Order from the 
Top to the Bottom, burn and fly up into the Air to the Allonilh- 
ment of the Beholders : Or they contain Artificial Recreative Globes, 
and feveral fuch like Things which mount upwards to perform their 
Elfeds, and leave the Cafe empty : All thefe I lhall entertain you with 
in the moll perfpicuous and concife Method I am able : Firll then, 
pig. The Cafe or ^ube which you fee in Fig. 190, mull be made of folid, 
hard, dry Wood, of what Height and Thicknefs you lhall think proper. 
You mull bore it with a large Augre to the Breadth of a Third or at 
Icall i of the Solidity of the Wood. You mull then divide the whole 
Height of it into certain equal Parts, which lhall exadlly correfpond 
with the Height of the Sky-Rockets you intend to fix upon it, or 
they may be a little Ihorter. All thefe Parts- lhall be cut Hoping in 
downwards, excepting only the uppermoll which mull be a Cylinder, 

but 
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but all the reft fliall be Portions of a Cone reverfed, fo that the whole 
may be divided as it were into Joints like a Cane, and each Joint have a 
pretty broad Shoulder. Thefe Shoulderings muft be flat, and have a 
Groave cut into them, and running all round them, which muft be of a 
Finger’s Breadth, and of the Depth of 6 Lines, or thereabouts. From 
thefe Grooves you muft bore fmall Holes, by which the Fire may be 
conveyed to the Trains in them from the Body of the Cafe^ to light the 
Rockets which ftand upon them in Paper Cartouches, which muft be 
fccurely fixed to the Wood to prevent them from flying away with the 
Rockets. As to the Conftrudion in general of this, I fhall refer you to 
our Chapter of Water-Globes^ where you will find fomething of this 
nature in Fig. 10 1 : But the Figure I have given of this, will fufficieni- 
ly inform you of every thing relating to it, where A and B denote the 
Joints of this Cafe ov 'Tube with their Rockets \ C the great and fmall 
Cavities for your Trains j and D the Orifice of the Cavity in the Body 
of it. Your Trains in general muft be of fine Meal Powder. But the 
great Boring which runs down the Middle of the whole ( as well as of 
the reft which we ftiall defcribe hereafter) ftiall be filled with one of the 
Compoftions we gave for Water-Globes or Fire-Balls : But I muft cau- 
tion you to put in about half a Pound of Corn Powder after every 5 or 
6 lb of Compoftion^ in order to clear and fcower the Infide of the Caft 
from the Spot, ^c. which will ftick to it, and fupprefs the Flame, and 
impede its lively Afcent. The Bottom of this Tube ftiall be folid and 
fubftantial j that is, you mtift not bore it quite through, but leave 3 or 
4 Inches of folid Bottom to it. 

SORT TIL 

The Form of this Cafe in Figure 19 1, Teems to differ pretty much Fig. 191. 
from the preceding ; becaufe this appears to be a perfedtly round 
and uniform Cylinder j though in the main it is hollowed, and cut 
out in the fame manner as that above. You are to trace out a 
Spiral Line from one End to the other of its Convexity j upon 
which Line you (at a convenient and equal Diftance) are to cut out 
Morteffes or Holes to the Depth of two or three Inches, whofe Bafes 
and Perpendiculars fall obliquely upon the Axis and its Parallels: (See 
Letters B and C upon the fan>e Figure;) Into thefe Mortcflies you muft 
contrive to fix Paper Cafes with Wooden Bottoms, into which you may 
put any Sort of Rockets you pleafe, as you fee in A and E. But you muft 
take care to have Fuzes or little Holes branching out from the Body of 
your great Tube to the Corn beneath your Rockets. 



SORT 
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SORT I V. 

Fig. 192. I can hardly add any thing^ farther of this to what I have alr«sidy faid‘ 
above ; for this Cafe is Couliii-Ccrman t6 the preceding one. How- 
over, there is this Dii^rence benveen them j that the firft is armed with 
which fly out of certain Paper Caffs \ and on the contrary, thia 
is furrounded widi a Number of Boxes or Cartouches dlfpo^ in a Ser- 
pentine Order, like the firft : Add to which, that they are fecured as faft 
and firmly as poffible by b^ing glewed, nailed, &c, upon the Convexi- 
ty of the great 7 ube or Cafe^ and vomit forth a great Number of PuA* 
ning Rockets (or Squih) j and in a Word, their Pofition h Right and 
Parallel to the Axis and Sides of the Tube they belong to. As to any 
thing farthers this can boaft of nothing that it has not in common With 
the other. 



SORT V. 

Fig. 193. Divide the Periphery or Circumference of a Cylinder at each End- 
into a certain Number of equal Parts, and then prodticc Subtenfes or 
Chords fucceffi vely terminating in your Points of Divifion. By this metms 
you will have two Multi-Angular Figures (viz.) one at each End, vihoCe 
Angles and Sides are mutually Similar and Equal. Thus taking the Sides 
of thefe Polygons for your Glides and DireAors, cut away the Gonvesd- 
ty of your Cylinder and convert it into a Polyhedtmic Prifitt : If yOt» 
have not a clear Idea of this, call your Eye upon Fig, 193. 

This done, bore it through the Middle with a large Augre, as we di- 
rected for the reft ; and bore each Hedron or Side of it with a Number 
of Holes all falling obliquely, br at abUte Angles, upon the Axis of the 
Frifm^ and the Plaiie of Itii Sides; all Which muft penetrate to the 
great Boring in the Middle. Into thefe Holes you muft thruft Iron 
CrackerSy or Running or Sky RotkttSy if your Tube is in Proportion to 
them or can bear them. 

The Tower which you fee ih the Middle of our Citadel fortified 
with 5 Baftions is built upon a Tube bf this Kind, as may be perceived 
in Fig. 204. But the Ingenious Pproifol 0 may apply this to feveral o- 
ther UleS, whether Recreative or Warlike ‘. Ebr my Part, I (hall Ipeak no 
toher of it, but proceed to giVe you ah AOebunt of others which I 
like foil as well. 



SORT VI. 

If you pleafe to recolleCt j you may remember that I difeourfed pret- 
ty largely upon a Tube of this Kind in Book III, when I delcribed to 
you the Third Sort of Sky Rockets y and alfo in Book IV, when I treat- 
ed 
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cd of the Twelfth Sort of Water Globes : So that notwithftanding I 
promifed you then to amplify upon this in another Place, I find tlie 
Difference between thofe which I formerly defcribed, and that which I 
have now taken in Hand, to be fo very inconfidcrable, that I can hardly 
diflinguifh one from the other, except it be with regard to Size, and 
therefore I fhall refer you to what I formerly faid to inform yourfelf in 
the Conllruiition of this : However I muft obferve to you by the way' 

That all Sorts of Cafes or Tubes (excepting that which we defcribed 
Firft) may be filled after the fame manner as what you fee in Fig. 1 94. 

Where A points out Pyrotechnic Stars and Sparks interfperfed with Corn 
Powder. B a Recreative Globe filled with Paper or Iron Crackers. C 
a Light Ball^ or Water Globe^ which of them you pleafe. Finally, D 
fhews you another Recreative Ball filled with Running Rockets. The 
Hollows and Interftices between thefc Fires are filled with a Slow Com- 
pofition or Com Powder to blow out the Globes &c, one after another. 

SORT VII. 

Truly,! find nothing more troublefome, nor would there be any thing Fig. 19^. 
more unprofitable than to coin new Words to deferibe each of thefe 
*Pubes^ fince by the Conftrudtion of any one of them you may with a lit- 
tle Thought get the Knowledge of all the reft : Add to which, that the 
Figures I have here given you of them, illuftrate them fo evidently and 
plainly, that it is impoffible for you to commit any Miftakes if you du- 
ly confider them. And therefore I fhall add but two or three Words in 
favour of this Sort. Namely, that you are to fix all your Crackers up- 
on the Convexity of it in a Spiral Line, whofe Revolutions are pretty 
clofe to one another, and that they muft be difpofed in fuch Sort, that 
they may anfwer to the Form of a Rhombus compofed of two Equila- 
terd Triangles i or elfe Saltier-wife, or in Form of %x.. Andrew' 

Confider a little on what has elfewherc been faid, and caft your Eye up- 
on Fig, 195. 



SORT VIII. 

Take a Wooden Cylinder fmoothly turned, or let it at leaft be cut Fig. 196. 
out in a roundifh Form, and let its two Bafes or Ends be equal. Its 
Diameter or Thicknefs muft be left to your own Fancy, but its Height 
or Length fhall be always fix times or ten times its Breadth or Thick- 
nefs. This done j flute it as you fee in Fig, 196. Now left you might 
not know how this is to be done, I fhall difplay it to you in few Words. 

Divide the Periphery of the Bafe into 6 equal Parts, which you may 
do by taking the Semi-diameter of the Cylinder: Subdivide then each 
Sixth into 7 other equal Parts, and take one of thefe laft Parts for the 
Lift or Interfpace between the Flutes or Channels, and the 6 others 
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{hall be left for the Channels betwixt the Lifts. They are fornwd 
thus. 

Take the half Breadth of each Hollow or Flute for a Semi-Dia- 
meter or Radius^ and defcribe a Semi-Circle from a Point in the Pe- 
ripheiy of your Bafe. Then skipping over ? for an Interfpace or 
Lift, defcribe another Semi-Circle from the Periphery in the fame 
manner, and fo proceed till you have defcribed 6 Arches. The 
fame thing muft be done at the other End or Bafe. In ftiort, having 
produced Right Lines from one End to the other of your Cylinder ter- 
mmating the Breadths of your Interfpaces or Lifts, and your Flutes or 
Channels; hollow them in Proportion, and by the Dire61:ion of your 
Semi-Circles at each End, and the Lines upon the Curve Surface of 
your Cylinder. Then bore the Body of it from one End to the other, 
in fuch Proportion that the Diameter of the Boring may be ? or f of the 
Breadth of one of the Hollows or Flutes wrought into your Cylinder. 

Then prepare little Mortars after this manner. Get fame Wooden 
Cylinders fo as to fit each Channel or Flute ; hollow them out, and add 
Chambers to them (as may be feen in B) which Chambers Ihall be f or ; 
of your Flutes in Depth, and the Breadth of j only. Thele Chambers 
are defigned to hold Corn Powder. 

Reinforce thefe Mortars ftrongly with Paper Cafes on the Outfide, 
and nail them faft in the abovementioned hollow Channels ; whofe 
Concavity they are exadly to fit; but as to the Length of them it {hall 
be double of their Breadth. Thefe little Mortars muft each contain a 
Recreative Globe made of Paper, but with Wooden Bottoms prepared 
after the manner we formerly direded, and their Chambers muft be 
charged with Corn Powder. Then having traced out a Spiral Line from 
one End to the other of your Cafe or Tube, fix thefe Mortars upon it, 
(that is) in a Spiral Dirc(ftion with refpedt to each other, and fecure them 
faft in your Flutes, by little Iron Staples driven into the Bottoms of 
them, and into the Sides of the Lifts or Interfpaces, and bind the Mid- 
dle of them with an Iron Plate faftened at each End upon the Face of 
the Interfpaces : And if after having done all this, you apprehend they 
are not fufficicntly fccured, you may fix beneath them a Wooden or 
Iron Bracket. But before you thus fix on your Mortars^ you muft ne- 
ceftarily pierce little Holes into the Body of your Cafe^ which muft be 
filled with Meal Powder, exadly upon which you muft place the Touch- 
holes of your Mortars. Every thing relating to this may be eafily ga- 
thered from the; Figure ; in which A and B point out xh& Mortars, and 
C diftinguifhes the Recreative Gloie. But here I muft farther acquaint 
you, that there muft be but one Mortar in each Channel or Flute. I 
{hall not here repeat how you are to fill the Boring in the Middle of it, 
having mention^ it fo often already. 



COROL- 
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COROLLARY I. 

All thefe T'ubes or Cafes may be contrived fo as to be portable after 
the manner of Clubs. And to that purpole you need only add an Han- 
dle or Gripe to them, that you may manage them without any danger 
to yourfelf, and at the fame time deftroy your Enemies : And upon 
this Account they may not only be ranked amongA Recreative Fire^ 

Works'^ but may alfo be allowed a Place amongft the moft Serious and 
Military, filling them with fomcthing of a pernicious Nature and 
EfFeft, and arming them on the Outfide with fuch Things as are proper 
to do Execution. This Hint I thought proper to make here j but t 
fliall in the Sequel have a proper Opportunity of Ipeakittg more fully on 
this Subject. 



COROLLARY II. 

Though thefe y laft great ^ubes might very properiy be filled with 
thofe Compojkions we formerly gave for Water-Globes and Fire-Balls I 
Ihall neverthelefs fubjoin the following Ctmpoftions jfor their Ufe, which 
will be particularly adapted to them. 

I. 

Take of Powder 12 lb; of Saltpeter 3 lb ; of Coal 4 lb, and of the 
Filings of Iron or Hammer-Jlaw 2 lb. 

II. 

Take of Powder 24 lb ; of Saltpeter lo lb ; of Sulphur 6 lb ; of Goai 
4 lb ; of Colophone 2 lb ; and of the Raftings or Sdio-Dujl of Wood 
8 lb. 



COROLLARY III. 

In defcribing the above Figures we often made mention of an Heli-i 
cal or Spiral Line to be traced round the Body of a Cylinder ; I there-* 
fore think it neceffary to touch a little upon the manner of doing it j 
to the end that you may be enabled to fuccced not only in the Conftriic- 
tion of our Tubes and Calcs; but alfo to perform feveral Things in 
Engineering, whether Mechanical or Hydraulical. Now having met 
with a Palfiige in Vitruvius which anfwers exactly to my purpofe, 
whereby he inllrmas us how to make the Helical Screw, or Spiral Ma- 
chine for railing Water, which is faid to have been invented by 
cbimedes long enough before Vitruvius was bom ; I foall here infert it. 
Attend then to what he faith. 

+ There is a kind of Screw which raifes Water with great Power j but 
not to Jo great an Height as the Wheel. The CoUftruftioH and Propor-^ 
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tions of it muji be thus ordered. 1‘ake a piece of ‘timber^ wbofe 'Thicknefs 
or Breadth muJi he brought to conftji of as many hiches as its Length does 
of Feety and let tt be made round. Divide the Periphery of it at each 
End into 4 Quadrants, or into 8 Semi Qiudrants, byB. 2 ,^\\or Lines 
branching out from the Centers^ and terminating in the aforfeaid Peripbe^ 
ries'y and let thefe Lines fo agree and correfpond nuitb each other that the 
timber being fixed upright^ the Lines of each Bafe or End may be exaSily 
perpendicular over each other: From the exterior Extremities of thefe 

Lines (viz,) at each End, produce right Lines which may join them toge- 
thery fo that between thefe Lines thus produced there may be included j of 
the Curve Surface of the Limber or Cylinder from one End to the other. Lbus 
thefe Eight Spaces will be equal both in Length and Rotundity {or Breadth.) 
Being thus adjufied mark out oblique Lines or Diagonals between tbemy with 
Points upon each LinCy continually following each other in an uniform Di^ 
region. The whole being thus orderedy take a thin Switch or Ruler of 
JVillvWy and anointing it over with Tary or daubing it with any thing of 
that NaturOy fix it in the Points of the Firfi Diagonaly and from thence 
apply it to the Obliquities and Circuits of the other Jubfequent Diagonals. 
And thus proceeding on in a natural uniform SucceJJion uniting and conneSHng 
the Points of your Diagonals together you will have your Helical or Spi-^ 
ral Line formed. And here you mufi obferve that the more oblique your 
Diagonals arty the lefs frequent y and farther of will your Spiral Revo- 
lutions be from one another. Tour Line being thus formed by an uniform 
Progreffon of Diagonals interfedling the Lines or Divifions of the Curve 
Surface of your Cylinder obliquely -y hollow out a Channel in that Diredli- 
on jufi . after the manner of a Screw. 

Thus far Vitruvius concerning Archimedes's Hydraulic Screw y but if 
it can be pofiible that the above Quotation is not plain enough to in* 
flruit you in the Operation, you may confult the Commentaries of Phi- 
lander and Daniel Barbaras upon the fame Subjedt, who have handled 
it with greater Prolixity. 

Farthermore Mar. Bettinus in his -[■ JErario Philofophice MathematiceCy 
or his Treafuryof Mathematical Philofophy, has a particular Way of 
generating a Spiral Line, which is by fome fuppofed to be invented by 
Albert Durer. The fame Bettinus gives us another method of doing it, 
which he took from Pappus y where he explains the Meaning of Vi- 
truvius in the Paflage above-quoted : I have here then taken from that 
Author the moft compendious Method 1 could poflibly find to infirudt 
you in the Subject in hand, after having retrenched fome little Super- 
fluities that could no wa)rs anfwer our Purpofe. Thus. 

Let a Right Line be given equal to the Perimeter of a Cylinder y and 
Ppon one of its Extremities let fall or raije a Perpendicular y (which 
mufi be Jhorter or longer jufi as you propofe to have the Revolutions of 
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your Spiral more or left frequent) then from the Upper Extremity or Ver- 
tex of the faid Perpendicular, produce an Oblique Lirie or Hypothenufe 
terminating in the other Extremity of the Bafe or given Right Line : 
fhis done^ cut out this Triangle in Paper j and by circumvohing or vorap- 
ping the Bafe of it round the Perimeter of the Cylinder, the Hypothenuje 
by its oblique Embrace voill circumferibe a certain Limit upon the Con- 
vexity of the Cylinder which will be your frfi Spiral ; having then de- 
feribed it with a Pencil ; apply your Triangle a fecond time for a fecond 
Spiral, 

The Right-angled Triangle by its Bafe fhews the Circular Prbgfefjion of 
the lower Extremity of the Perpendicular : And the Perpendicular Side 
of it gives you by its Length the Progreffion of the other Point of the 
Perpendicular upwards during the Time it was furtounding the Periphery 
or Perimeter. 

I (hall to this only add that we might by this lall method very 
conveniently and readily deferibe an Helical or Spiral Line, round the 
laft great Fire Tube I gave you ; (namely) by means of a Right-An- 
gled Triangle whofe Bafe is equal to the Perimeter of the Convexity 
of the Body, and its Perpendicular equal to the Height of it. Thus 
by applying fuch a Triangle upon a Tube or Cafe of the aforementi- 
oned Sort, the Hypothenufe will make a perfed: Spiral upon the Con- 
vexity of it, upon which Spiral you muft range your Mortars in the 
Flutes or Channels wrought into the Surface of your Tube, and then 
fecure them as we before direded. 

From the fame Author you may alfo learn a Method of delcribing a 
Spiral upon a Plane, which will be necclTary for you to know, that you 
may be able to make the Serpentine Grooves in your Artificial Shields 
and Efcutcheons as wc faid above. 



CHAP. XL 

Of fcveral Recreative Pyrotechnical Machines and Engines, 
compofed ^/Rockets, Crackers, Globes, Wheels, Btick- 
Icrs, Clubs, Symetars, Swords, Poles, Staves, Tubes or 
Caies, and all fuch like Artificial Fires. 

A LL that we have hitherto faid of Artificial Recreative Fire-IVorks, 
tends to this Chapter as to its Center : And all that wc have hi- 
therto taught in our Difeourfes on the Method, Order and Falhion of 
conftruding all the foregoing Fire-Machines, has been no other than the 
Rudiments or Apparatus, to qualify or enable you to carry on and 
compleat the noble Machines exhibited on Popular Occafions j in (hort, 

q q I have 
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I have hitherto been oniy infinuating into you a Knowledge of the le- 
veral Effentials, and furniflimg you proper Materials to build with. In 
this Chapter I fhall teach you the Aflemblagc of them, which is defined 
to be, an ordering and dij'pojing of the feveral Parts fo that they may not 
hinder and embarrafs one another j and the giving a fhing that Form and 
elegant Appearance which Jirikes the Eye of the SpeSiator in a pleafing 
manner. Now this general Definition may be divided into feveral par- 
ticular BranebeSj of which I fliall here make Choice of two without Ipe- 
cifying the reft which the Architefi ought to be perfedt Mafter of, and 
which the Pyroholifi ought not to be wholly ignorant in. The firft then 
ihall be the T^bematifm (from the Greek Word 3'g/*<xT/<rjt4©-) which figni- 
fics the Decorum and Gracefulnefs of any Pile j and is defined to be the 
making the whole AfpeSl of a Fabric fi correSi, that nothing jhall appear 
but what is approved and warranted by fome Authority. Now this laft 
Quality of any Thing, is the Refult of the profound Meditation, and af- 
fiduous Study and Diligence of xhe Engineer^ in colledting all fuch In- 
ventions and Contrivances as may be futable to the Time and Place, 
where and when he exhibits his Work to the Public; and in accommo- 
dating them to the Rank of the Ferfon by whom he is employed ; in 
ftridlly keeping up to all fuch Things as feem to be in the moft general 
Efteem amongft Mankind ; in clofely obferving the Nature of Things ; 
and in never attempting any Chimerical Impoflibility, or ought elfe that 
might in any Degree ftiock and difeompofe the Rules of our Art. 

The Second is Oeconomyy (from the Greek Word olxovOfjLia,:) This 
confifts in aSdual PraBlvcey and in a perfeSl and mutual Connexion of 
Members or Parts ; requiring the Exercife of the Judgmenty and a Know- 
ledge of whyy and how it comes to pafs that any particular F'bing ought to 
be placed here and not there -y why fibis fbould be in one Pofitiony and F‘bat 
in another. Jt likewife confders TimeSy Seafons and Expences. And a- 
bove all Things requires us to provide as much as we can towards our Safe- 
ty and the Prefervation of Lifti and thaty not with regard to ourfelves on- 
ly y but alfo with refpeH to thofe who might incur great Dangers through 
our MifeonduB and Imprudence. Thefe are the two Pyrotecbnical To- 
pics which I propofe to enlarge upon, and entertain you with in the Se- 
quel. 

Of the Theroatifin, Decorum, or Gracefulnefs which is to 
he ohferved in the Ordering of our Recreative Pyrotechni- 
cal Machines. 

Both Ancients and Moderns have allotted four general Times or Occa- 
fions for exhibiting of Fire-Works. Tht Firjl : At the Con- 

fecrations. Inaugurations, or Coronations of Popes, Emperors, and Kings; 
at the Receptions of great Princes and General ; and at the EledUons of 
City Magiftrates. 

Secondh : 
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Secondly : Upon any Vicftory obtained by Land or by Sea j upon the 
Acquhition of any Province or City by Conqueft j upon the Raifing of 
Sieges, and all the happy Events of Again, upon the Conclufion 

of a Peace between two mighty States, and upon the Triumphant En- 
tries of Emperors, Kings, and great Captains. 

To this Clafs may be added Feftivals, Anniverfarlcs, and Canoniza- 
tions of the Blefled j for I think it but reafonable that we fliould devote 
Days of Joy and Benedidtion, in Commemoration of thofe who have 
got the Yiiftory over the World, by their Piety, Sandity, Continence, 
Chriftian Magnanimity, and all thofe Virtues which render the Soul 
beautiful in the Sight of God. 

I’hirdly^ Fire-Works may be very properly exhibited at Entertain- 
ments and the Celebration of Marriages. 

And Fourthly ; upon the Merry-makings of Friends. 

As to the Firjl of thefe : It will be proper to prepare Fire-Crowns ; to 
reprefent the Armorial Enfigns of Prmces, Provinces, Cities, and Peo- 
ple J to erc<ft fbme Majeftic Statue or Coloffus^ with a Number of fmal- 
ler Figures about it, to perfonate the Subjects of the Prince, ail drefled 
after the Fafliion of their Country, and paying their Duty and Homage 
to their Sovereign by all the Poftures of Submiffion. At the Inaugura- 
tions or Eledtions of Popes you may have recourfe to the Myjiical Dream 
of Jofepby (as we find it recorded in Holy Writ) wherein he faw Eleven 
Sheaves of Corn, which fubmitted to a Twelfth greater than They, and 
placed in the midft of them. For Emperors, you may reprefent the an- 
cient Ceremony amongft the Romans^ when they created their Empe- 
rors i which Nicepborus Gregoras mentions to this Efied:. *f* Theodo- 
rus upon the Deceafe of bis Father was lifted up upon a Shield and acknow- 
ledged as Emperor j and Michael Paleologus was admitted to the Empire 
with the fame Ceremony. Julius Capitolinus faith : || During tbis^ Catfar 
Gordanus was lifted up by the Soldiers^ and faluted as Emperor, Am- 
mianus Marcellinus alfo in mentioning the Emperor fuliaut who was 
raifed to the Sovereign Dignity by the Gallic Troops i faith : fbat being 
fet upon the Shield of a Foot Soldier, and lifted up, be was in the midfi of 
the Jilenf Multitude proclaimed Emperor^ and honoured with the Diadem. 

We find alfo in Ado of Vienna, that this Cuftom was likewife obferved 
amongfi: the Gauls at the Creation of their Kings j for he ipeaks to this 
Efied : Sigisbert was put upon a Buckler after the manner of the Coun- 
try, and proclaimed ^ng in Prejudice of bis Brother Chiiperic. And 
we find in Aurelius Cajfiodorus, that this fame Ceremony was in Vogue 
amongft the Goths ; for fpeaking of it he iaith: J That the ancient Goths, 
their Fathers, had created their Kings according to the Cufom of their An- 
cejlors, by lifting them up upon a Shield in the nndji of drawn Swords. 
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This Ceremony, I fay, may be properly applied to the Coronations of 
Crowned Heads : Reprefenting the King or Emperor by a Statue made 
up of Artificial Fires^ and elevated upon a Shield \ which may ferve as 
an Hieroglyphic to denote the Warlike Genius of the Sovereign, and his 
Invincible Prowefs which had railed him to that fublime Pitch of Glo- 
ry j or at lead: it may ferve to admonifli and excite him to an Ac- 
quilition of that Heroic Virtue which, is fo neceffary for the Defence 
and Prefervation of his Dominions. Or inftead of this, He may be 
fupported by the Armorials of particular Provinces and Cities, which 
will be the painted Voice, or perfedt Reprefentatives of the Will or 
Choice of the People j but in the ordering of this Article, our Pyrobo- 
lifi muft exert his good Senfe and Judgment, by doing nothing that may 
Ihock or give Offence to the Conftitution of the Kingdom. Or you 
might upon the fame Occafion credt a Column, furmounted by an Im- 
perial Crown or Royal Diadem with this ln{cnption C urrentiy or to the 
Foremofi, This Device alludes to an ancient Cuflom eftablifhed amongfl; 
the PoleSy after the Death of Premifiaus or Lefeus the Firft of that 
Name; for great Feuds arifing amongft the Grandees of the Kingdom 
who contended for the Crown, and none being able to think of any 
Way of deciding their Pretenlions, each of them perfifting obftinately 
in his Claim 3 the whole Affair was thrown up to the Difpofal of For- 
tune 3 and to that Purpofe it was ordered that they fhould all appear 
mounted upon Horfes, and ride a Race for the Crown of Poland, which 
fhould be conferred on him who firft reached the Goal.* Now to tell 
you by what Stratagem t>ne of thefe Competitors, called Lefeus, won the 
Prize 3 or to give you a particular Relation how he got Iron Bars laid 
under the Sand, to throw down the Horfes of his Colleagues of the 
Race, referving only a clear Path for himfelf, which he knew very wells 
I fay, to dwell particularly upon this, is none of my Bufinefs 3 and thofe 
who would be ferther informed upon this Head, may turn over Martin 
Cromer's Hifiory (Lib. II.) of the JVars of Poland. To this I (hall only 
add, that fuch an Emblem may be applied to fignify the Good Fortune 
of the Perfon raifed to the Scepter or Crown 3 or to any particular 
Power over the People 5 but more efpecially if the King is proclaimed 
by the unanimous Confent and general Voice of the Nation, and as it 
were Eledled preferably to a Number of Competitors who ftood Candi- 
dates for the Sovereign Sway. This the prudent Pyrobolifi will know 
how to accommodate or adapt to the State of Affairs. 

Princes likewife may be very ieafonably reminded at fuch Times of 
the Viciffitude of all fublunary Things, and the Incertitude of Profpe- 
rity, by a Sight of xhz Wheel of Fortune, w hich may be made after the 
manner of one of the Wheels we have given you above. This Emblem 
was exhibited lately at Copenhagen, at the Coronation of Frederic the 
prefent King of Denmark-, and 1 think it very proper on fuch Occa- 
fipn? 3 for (as Pythagoras faid) Life is no other than a Wheel or Circle of 
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Good imd Evil. The Wheel then is a proper Emblem of Fortune ; by 
which is meant Divine Providence ; as we are taught by Mfop^ who 
being interrogated by a Perfon, who asked him what God did? He 
replied (very much to the Purpofe) He abafes the Lofty ^ and raifes up 
the Humble. To which we may add the following Words of the Sacred 
Text: He hath put down the Mighty from their Seat; and hath exalted 
the Humble and Meek. Again j remember the celebrated Sentence, which 
iays, ‘that Human ‘Things are a Circle. And that other : ‘The Mutability 
or Vicijftude of ‘Things is very pleafant to Man. 

You have for the lame Occafions another Reprefentation of Fortune^ 
Handing upon a Ball, and fpreading out a Sail fwelled by the Wind, and 
with her Hair flying about in Fig. 203. Thereby to fignify to thofe 
Perfons who are raifed to the Honour of Governing, and bearing Rule 
over Nations j that their Happinefs and Grandeur depend abfolutely 
upon the Divine Will ; and that they are changable and unftable like 
the Wind, very doubtful and of Ihort Duration j and to warn great 
Men not to fuffer thcmfelves to be mif-led by the falfe Appearances of a 
flattering Fortune, but on the contrary, to preferve an Equanimity 
throughout their whole Condudt. 

The Figure which we have given you in the Frontifpiece of our 
Workf is a juft Emblem of the Vanity of all Worldly Honours and 
Pomp J for what is a Man with all his Majefty, his Dignity and Power, 
but a Bubble formed and fwelled out by the Breath of a Child, from a 
little Soap and Water ? I fay, he is even lefs to be confidered than fuch 
a Bubble. You may then apply this to the Purpofes above mentioned j 
and I cannot help thinking, that this Emblem drew its Origin from the 
Dream of Confantine the Emperor, juft before the Turn or Change of 
his Fortune J wherein he thought, he faw a little Child taking very 
fmail Brittle Balls out of his Father’s Breaft ; from whence he drew 
very melancholy Interpretations and Conjectures concerning the Mis- 
fortunes which foon after overwhelmed him. 

When great Captains and Generals take the Field, with a newly-de- 
legated Command over the Armies of the State, the ingenious Pyrobo- 
liji may apply to them the Ceremony of the Roman Chiefs of Old up- 
on the like Occafions } which, according to Servius Grammaticus^ was 
thus : -j- As foon as the Commiffion was delivered to them, they en- 
tered into the Temple of Mars^ and firft ftiaking the ^ jincilia, and then 
the Lance of the Statue^ they cried out. Mars vigilia j Mars, watch. 

As to the public Entries of Triumphant Emperors and Chiefs re- 
turned from War, you may reprefent a thoufand magnificent Fire- 
Works proper to fuch Occafions. But were I to expatiate upon the fe- 
veral Particulars, I ftiould fpin this Chapter out to a very immoderate 
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^ .auffUa, were a Sort Hily Shi$ldt kept in the Temple of Man. 
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Length : And therefore, though I have a very rich Field before me, I 
fhall only gather fome of the moft rernarkabie and principal Flov^'e^s for 
you. 

The Pyroholiji may then, upon fiich Occafio^s, reprefent every thing 
neceffarj or requifite in a Triumph : Such as Triurpphal Arches, Py- 
ramids, Obelisks, Trophies, Statues, Spoils of the Enemy, Colours and 
Standards of the Vanquifhed, the Captive Chiefs, with their Hands 
chained behind their Backs 5 together with the Inferior Prifoners all 
Dirty, Dejeded, SqualUd, and as it were half ftarvcd j. and.alfo theJive- 
ly Reprefentations of the Towns which are taken. 

Again; you may prepare all the feveral Sorts of Crowns, fvich as (were 
formerly), the Golden triumphal Crown, the CPoic Crown oi Oak, the 
Mural Crown Winged, the Vpllarine and the Obfidional ; and in ftiort, 
the Naval or Rojiral Crowns compofcd of the Beaks and Prows of Ships. 
But that our ingenious Pyroboliji may not wholly be a Stranger to the 
Pomp and Magnificence of the ancient Roman ‘Triumphs, and tjiat he 
may have proper Hints and Diredlions to work by, when Occafion of- 
fers, I have here tranferibed ohannes Rqfinus and Thomas Demp- 

terns have collected of this Matter from feveral Authors concerning the 
Roman Antiquities: Firft then Rojinus faith: •f* As to what immediately 
related to the Pomp of the Triumph it was much after this manner. The 
Emperor {according to J Zonaras) being drejfed in a Triumphal Habit, 
adorned with Bracelets, crowned with Laurel, and ^ holding a Branch of 
the fame in his Right Hand ; he convened the People, and after having ap- 
plauded his Army in general, and extolled private Merit in particular, he 
divided the Money and Spoils’, to fome he gave Bracelets, to others^ Spear- 
Staves, fome were prefented with Golden Crowns, and others w^th Crowns 
of Silver, on all which were inferibed the Names of the Perfons’, and the 
feveral Prefents befowed on them bore an immediate .Relation to the gene- 
rous and brave AbHons they had performed. For he that bad frf foaled 
a Wall, had a Mural Crown given. to him j if be had formed fome Qafle, 
bis Crown was futed to the Deed ; tf he bad got the better in a Sea-Fight^ 
be bad d Naval Crown-, and if he bad behaved bravely in an Engage- 
ment of Horfe, be was difinguifjed accordingly. But be that bad faved 
a Citizen in Fight or in a Siege, or refeued him from nny confer able 
Danger, was firfi extolled in the mof gratefyl Manner, and was .after- 
wards erbwned with an Oaken Wreath or Garland, the Ifonour of which 
was reckoned vafly to exceed that of all Crowns whether of Gold or of Silver. 

Nor was Virtue rewarded in particular Perfons only, but whole Cohorts 
and Legions were honoured with Prefents and Marks of Difinclion. Thus 
a great Part of the Spoils was divided among fi the Soldijery : There have 
been thofe who have made Prefents to the yohole Body of the People, and en- 
'tertdiried them with Games at their, own Charge j and if they had any 
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thing left aftenvards, they laid it out in ereBing of Porticoes^ femples 
'and other Public Pf'orks. Having difpatched this Bufnefs^ and offered up 
4 Sacrifice^ the Triumpher afeended his Car^ having thus prayed: 

O ye Gods, by whole Nod and Command the Roman 
Empire \x2l% ns Being and Increafe, continue your favourable 

Protection of it, and preferve it. 

Then he was drawn through the Triumphal Gate 5 being preceded in the 
firf Place by Trumpets blowing Martial Sounds^ : After them came the 
Oxen defgned for the Sacrifices^ crowned with Wreaths and Garlands^ and 
fom'etimes with gilded Horns : Then followed a magnificent Show of Spoils 
and Arms^ which being piled with wonderful Art were partly drawn fn 
Chariots, and partly carried by Touths richly dreffed : Then fucceeded 
the Titles of the Conquered Nations, and the Images of the Towns they 
had taken', and fometimes the Spoils were interjperfed with fir ange Ani^ 
mals and Plants brought from the Conquered Country, and. which had never 
before been feen at Rome : After thefe followed the Prifoners taken in 
War, the Captains and Chiefs of them being bound in Chains : And after 
them, immediately preceding the Emperors Chariot or Car, were carried 
the Crowns of Gold, with which he had been complimented by Embajfies 
from the Cities and Provinces, as was the ufual Cufiom. Then came the 
Emperor himfelf in a fumptuous Car, magnificently habited, and fining 
in a Triumphal Robe, crowned with Lawrel, and holding forth a Branch 
of the fame in his Hand, The Triumphal Robe was Purple wrought with 
Gold, of which Pliny Lib. IX. Cap. XXXVI, and Lib. VIII. Cap. XLVIII. 

It was unlawful for any one to wear fuch a Robe as this any longer than the 
Ceremonies of the Triumph lafied, as we find by the Hifiory ^Marius, of 
whom we read thus in Plutarch, {viz.) The Triumph being over Marius con- 
duBed the Senate int^ the Capitol, and whether he did it inadvertently, or 
whether he was elated by his Succefs and good Fortune, he had the Jnfolence 
to appear in the midfi of them with his Triumphal Robe ; put foon perceiv- 
ing that the Senate took Offence at it, he rofe up and laid it afide, with- 
out making the leaf Difpute about it. Diouyfius Halicarn. fpeaking of 
the Embroidered Purple Robe ufually worn by Kings, tells us, that it was 
unlawful even for Confuls to affume it finy f^ore than the Royal Diadem } 
for (fays he) /i&o/? "Regalia or Enfigns of Royalty, were dif allowed, to. the 
Confuls ', becaufe they were apt to raife Envy, and were feemingly inconfi- 
ftent with Liberty : Indeed, upon Account of fignaU Services, Juch as the 
obtaining a ViBory, fe Senate confented thap tpe General fould. be. adorned 
with Gold, and clad in Purple, As for the Crown of Laurel, you. . may 
confult Plin. Lib. XV. Cap. L. The Triumphal Car was in Imitation of 
ii found Tower, and drawn moft commonly by Horfes, four in a Toke or a 
Breafi ; but when Camillus in his Triuniph djjumed White Horfes, be gave 
great Offence to the People, becaufe they were particularly Sacred to the 
King and Father of the Gods. Some chofe to be drawn by Stags, and others^ 
by Uons, Underneath the Emperor they hung the Idol Fafeinusj (of 

which 
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wliich Plin. Lib. XXVIII. Cap. IV. fpeaks thus :) I’he God Fafcinus was 
not only the Protestor ^Infants but ^Emperors alJo‘y and by hanging un- 
der the Car defends ity and protests the triumpher from Envy^ and 
commands RefpeSt to bis Perfon ; or it was applied to admonijh him to look 
back upon himfelf and confder that he was but a Many though exalted to 
that high Pitch of Honour. Zonoras alfo faithy that a public Ofieer was 
drawn with him, who food behind him holding over him a Crown richly 
adorned with Gems and precious Stonesy and continually reminding him to 
look back upon himJHfy and confder what he was ; and take Care of him- 
felf for the Remainder of his Lifey and not be puffed up with Vain-Glory 
and Pride, Vo the Car they alfo bung a little Belly and Rods or Scourges, 
by which was fgnifedy that he might fall under the fame Calamity y and 
might be torn with Rodsy and condemned to Death. For he faithy that 
thofe who were condemned to any Capital Punijhment for a notorious 
Crimcy ufed to ring a little Belly lef any one by touching them inadver- 
tently Jhould defile himfelf y and become a Sharer in their Guilt. Pliny 
farther faith Lib. XXXIII. Cap. VII. Phat it was the Cufiom for the Per- 
fon who Triumphedy to paint his Face with Vermiliony as was done by 
Camillas, but this Cufiom was afterwards laid afide : And to have 
bis little Sons in his Cary an Example of which be gives us in fpeak- 
ing of the Triumph of iEmilius. He likewife admitted bis KinfmeUy if he 
bad any, and bis young Daughters into bis Chariot. And thofe that were 
full growUy were fet upon the Horfes, Or if there was a corfiderable 
Number of themy they were drawn after him by Jingle Horfes. Clofe after 
the Emperor's Car followed the Army both Horfe and Foot according to 
their Rank ; and as many of them as had received Prefents from him as the 
Reward of their Bravery and Couragey carried their Gifts in their Hands y 
the refi of them were crowned with Laurel, Jhouting with Triumphal Cla- 
mour, or cbaunting Poetry upon the Occafion, or breaking Jefis upon one 
another, or the Spectators. The numerous Croud of People which flocked 
from all Parts of the Town and Country to behold this mighty ProceJJian 
were all decently habited, and moflly in White, joyfully congratulating each 
other, and applauding their Heroic Countrymen : And in Honour to the 
Gods, all the Temples were filled with Garlands and Crowns, and fet open 
as the Pomp paffed by. In this Order the Emperor being conducted in Sight 
of the Capitol, he at once guided his Car towards it, and at the fame time 
ordered the Captives to be carried to Prifon : Being come into the Capitol, 
be prayed to this EffeCt : 

I return thee my moft fincere and hearty Thanks, O 
thou beft and greateft Jupiter^ and to thee O Juno his 
Queen, and to the reft of the Deities the Protcdors and 
Inhabitants of this Fane^ in that it has plealed you at this 
Day and Hour by my Hands and Actions to preJferve the 
Roman State i Perlevere in your Benevolence cowards it as 

yoH 
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you have hitherto done, cherifli and profper it, I humbly 
bcfccch you. 

And then they offered up Sacrifices in the mofi folemn Manner j and con- 
fecrated Golden Crowns and rich Pieces of Armour to Jupiter, which they 
hung up in the Capitol. And in the fame Place a Feafi was given at the 
Public Expence, and Money dijiributed to the common People, Man by 
Man-, and what was left, was laid up in the Public Preafury. And a lit- 
tle afterwards : Fhey alfo eredled triumphal Columns, Statues, Arches, 
and Frophies, and other Monuments, as may be learned from PI in. Lib. 
XXXV. Cap. II. Of triumphal Columns and Statues the Jame Author 
will inform you Lib. XXXIV. Cap. V. VI. and VII. and Valerius Maximus 
Lib. II. Cap. V. Georgius Fabricius fpeaks thus of the 'Triumphal Arches 
(in Roma fua Cap. XV.) Arches were formerly ereSled in Honour of thofe 
who bad conquered Foreign Nations, or gained great ViSlories for their 
Country : At firfi, they were rude fimple Piles, when the Rewards of Vir- 
tue did not fiir up an unwarrantable Ambition. In fubfequent and more 
imperious Ages they were embellijhed with the Ornaments of Sculpture. 
They were either of Brick, like that ^Romulus ; or of rough Square Stone, 
like that ^Camillus j or of Marble, like that of C^efar in the Forum; of 
Drufus with Trophies in the Appian Way; ^Trajan, &c. The Arch 
was firfi Semi-circular, and afterwards Square as it went downwards, fo 
that there was a vaulted Paffage through it, and on either Side were ad- 
ded leffer Paffages or Pofierns. To the Vault of the middle Arch they hung 
Viliory winged. Above this Vault there were Compartments or Pannels 
richly carved in Relief with Triumphal Reprefentations. This Magnifi- 
cence took Birth in the Reign ^ Auguflus, or a little before. 

Trophies were Trunks of Bodies, adorned with Military Ornaments and 
Arms, and fometimes with winged Victories, and a young Captive lying or 
fitting down before them with bis Hands tied behind his Back. 

Sometimes the Triumphing Chief was drawn to the Capitol hy four 
white Horfes, as was done in the Triumph of the Great Scipio j fome- 
times by Lions, as Marc Antony : Pompey the Great and Caius Ccefar by 
EXie.'^^assiXs>',Heliogabalus byTygers, in Allufion to Bacchus-, and by Lions, 
alluding to Mars ; or by great Dogs by an unparalleled and not-to-be- 
imitated Example : Add to thefe the Triumph of Aurelianus Augufius, 
who to lignify the Cowardlinefs of the Enemy was drawn by Stags ; 
that of Nero, who was drawn by Hermophradite Steeds ; and the Info- 
lent Triumph of Sufacus of Mgypt, who was drawn by Captive 
Kings, as you may read in Jofephus Book VIII, of his fewijh Antiqui- 
ties Chap. X. Here you haye Matter enough to employ your Genius 
and Art ; on one Side, you may imitate the Sacrifices, on the other Side, 
all the magnificent Apparel of a Triumph, (viz.) Triumphal Arches, 
Pyramids, portable Statues, Trophies, Spoils of the Enemy, &c. All 
which you may difpofe in graceful Order. 

S f f f 
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If thefe two Authors I have been now quoting have not faid enough 
to fatisfy your Curiofity ; hear what Appianus Alexandrinus faith of the 
Triumph of the great Scipio : Being all crowned with Garlands^ and 
preceded by Trumpets^ they conduced the Chariots or JVaggons laden with 
Spoils 'y they likewife carried Wooden TowerSy hnageSy and Writings or 
Irycriptions exprejpng their fair ASHons j after which came the Gold and 
Silver partly in rude Lumps and MaffeSy and partly wrought or coined j 
thefe were fucceeded by the Crowns which bad been fent by way of Homage 
or Acknowledgment y then White Oxen and Elephants j and after them the 
Numidian and Carthaginian Chiefs that bad been taken in the Wary who 
were fucceeded by the Emperor's Lidtors or Heralds richly clad in fine Pur- 
ple, and after them a Croud of Minjlrels and Singers after the Tufcan 
Manner, all crowned with Gold, playing and finging in regular Order j in 
the midfi of thefe was a Buffoon adorned with Bracelets, and dreffed in a 
long Gown trimmed with Golden Fringe down to the Ankles, who by bis 
GefiureSy Grimaces, and Ribaldry infulted the Prifoners, and excited 
the Laughter of the SpeSlators, L’hen came the Emperor himfelf fur- 
rounded by a Cloud of Incenfe and Odoriferous Perfumes-, and drawn 
by White Horfes, having Crowns on their Heads richly fet off with 
Gems and precious Stones, and with Hameffes plated and fiudded with 
Gold J the Emperor himfelf fat exalted in a Gilded Car, habited in a Pur- 
ple Robe after the Fajhion of the Country, finely embroidered over with 
Golden Stars, bolding in one Hand an Ivory Scepter, and in the other a 
Branch of Laurel and accompanied by bis young Relations, who were 
partly drawn with him in the Chariot, or laid hold on the Reins of bis 
Horfes \ the whole Procejjion was clofed up by the Body of the Army crowned 
with Wreaths of Laurel, fame of them bearing Marks of DifiinSiion as the 
Reward of their Bravery, and others fiigmatized by way of Punifhment 
for their Vmoorthinefs for as they knew how to applaud and diJHnguiJh the 
Brave, they alfo knew how to brand the ^Timorous and Unmanly with Infa- 
my : In Aliufion to which Juvenal has this Satirical Fling. 

IlliiK comicines, bine pracedentia longi 
Agminis offeia, niveos ad freena ^irites, 

Defoffa in loculis quos Jporttda fecit amicos. 

In Englifh : 

Trum'pets Before, and on the Left and Right 
A Cavalcade of Nobles all in White : 

In their own Natures, falfe and flatt’ring Tribes j 
But made his Friends by Places and by Bribes. 

The Triumph^ Robe was either embroidered, or powdered over 
with Golden Stars, or clfe Rained or wrought with Palm4eaves Rom 

whence 
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whence it was called Palmafed. Lucan fpcaking of thefe in Book IX. 
Verf, 177, fings thus : 

PiStafque togas velamina fummo 

’Ter conJ^eSia ytmi. 

Martial alfo mentions it Lib. VIII. and Epig. I. 

Behdes what we have here related, the Ancients ufed to carry the 
Names of Towns, Mountains, and Rivers in their Triumphs, together 
with folid Figures of Caftles, Cities, and Towers, which were com- 
monly of Maffy Gold or Silver, and fometimes of Iron j but moR com- 
monly of Ivory, as we may learn from Ovid m Lib. de Ponto Ekg, IV. 

Oppida turritis cinguntur eburnea muris. 

In Englijb : 

The Ivory Towns begirt with Towered Walls. 

And Claudian Lib. III. de Laudibus Stilich, 

Ofientarent fuos prifeo Ji more labores^ 

Et gentes cuper 4 tnt vulgo monjlrarc fubaSias, 

Certarent utroque pares a cardine laurus, 

Hac alemannorum fpoliisy au/iralibus ilia 
Ditior exuviisj illic jlavente Skambri 
Ccefarie^ nigris hinc Mauri crinibus Went : 

Ipfe albis veheretur equity currumque fecutus 
Laurigerum fejio fremuijfet carmine miles : 

Hi famuli traberent reges^ B fa^a metallo 
Oppida^ vel monies captivaque jiumina ferent, 

Hinc Libyci fraSiis lugerent cornibus amnes^ 

Inde catenate gesrteret Gern^ania Rheno. 

In Englijb : 

If ftill the Cuflom was in Pomp to (how 
The Victor’s Glory, and the conquer’d Foe ; 

The North and South wou’d equally combine. 

To make his Valour and his Conduct dune. 

Here, (hou’d the Warlike German Spoils be fhown. 

And there, the richer Trophies of a warmer Zone. 

Here, the Sicambri with their Golden Hair, 

There fwarthy Moors with jetty Locks appear. 

He by white Steeds be drawn in Godlike Stat^ 

Whilft laureird Troops his Praifes celebrate j 

Here, 
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Here, vanquiQi’d Kings be led with doleful Pace, 

There, Towns in Metal wrought, the Triumph grace j 
The captive Rivers and each captive Hill, 

In Model fhewn, confefs the Artift’s Skill : 

Here, Libyan Streams fliou’d grieve with broken Urn, 

There Germany in her chain’d Rhine fliou’d mourn. 

By this you may perceive that they ufed. to carry the Images or Re- 
prelentations of Rivers laden with Chains, to fignify their Servitude. 
Ovid fpeaks of this m Lib. IV, de Panto. 

Squallidus imittat fraBa Jub arundine Crines, &c. 

The ingenious Pyroboliji may reprefent Rivers and Mountains alfo un- 
der Human Shapes in the moil fuppliant Poftures faluting the Conque- 
ror, and proftrating themfelves at his Feet : The Rivers may be exhi- 
bited as prelenting him with leveral Sorts of Fifli by way of Homage ; 
and the Mountains may offer him their feveral Sorts of Ores in little 
Cars i but I need not fuggeft any thing farther to a fertile Invention j for 
fuch will need my Affiftance no farther than barely giving a few Hints 
of this Nature. 

The Captives who were led in Triumph were chain’d by the Neck, 
the Arms, the Wrifts, and Legs : That it was the Cuftom to chain them 
by the Neck, may be learnt from Ovid's Art of Love^ Book I. 

Ibunt ante duces onerati colla catenis. 

In Englijh : 

The Chiefs fliall march before, their Necks opprefs’d with Chains. 

As for the Handcufis with which they uled to fecure their Prifoners; 
we are informed, that they ufed to fallen the Left Hand of a Soldier to 
the Right Hand of a Prifoner j that if the former made any Attempt to 
cfcape, the latter might have his Right Hand at Liberty to draw and 
ufe his Sword in cafe of need. Statius Lib. XII. L'beb. ver. 470, fpeaks 
thus: 

Me- Pietas me duxit amor depofeere feevA 
Supplicia^ & dextras Jtivat infertare catenas. 

In Englijh : 

Thro’ Love and Piety I met my Pain, 

And gladly gave^my Right Hand to the Chain. 

Tertul- 




Book V. the Great Art of ARtlLLERY. 

J^ertuUian mentions the Fetters for the Prifoners Legs, in Lih. ad 
Mart, where he fiiys. That the Leg feeb no Pain when the Soul is in 
Heaven. 

And Sid. ApoU. Carm. 2. verf. 179. 

Hejpiciens vajias fenuafo in cfure Catenas^. 

In EngUJh : 

Derpidng pond’rous Chains which gall'd his me^er Leg» 

fiut what appears to me to be the moft Shameful and Ungenerous of 
all, was their {having the Captive Chie&, as a Mark or Token of theh 
Captivity; as Propertius ob&rves vaLib. IV. Eleg. 12. 

Tejlor majorum cineres tihi Roma colendos^ 

Sub quorum titulis Africa tonfa jacet. 

In EngUJh : 

Witnefs our Fathers Dull which we revere, 

T’ whom yielded up her captive Hair. 

Ovid alfo fays fomething of it in Lib. I. Amor. Eleg. i4» 

Nunc fibi captivos mittet Germania crines, 

Cuba triumpbata muneregentis eris. 

In EngUJh : 

Now with new Arts, thou fhalt thy Pride amui%> 

And Curb, of German Captives borrow’d, ufe. 

They likewife frequently drew their Warlike Machines in their Tri-» 
tunphal Proceffions ; Witnefs jT/V. Liv. Lib. IX. Decad. III. {peaking of 
the Triumph of Metellusi and mLib. VI. Decad. IV. deferibing that of 
Fuhius. 

The ranfomed CitlsMns, Neighbours, Relations, and Kindred, t^c, 
followed promiicuoufly after the Triumphal Car with the Town{men4 
Valenus fays fomething to this Purpofe, Lib. V. Cap. II» (viz. ) *Lbat 
izooo Captives vobicb bad been fold by Hojm)bdX,folbmed Titus Flanunius, 
&c. Thefe, according to the Teilimony of TVr. Liv. (Lib.lV.Decad.W) 
were all fliaved. 

This is what I have thought proper to colledl: concerning the ancient 
Roman Triumphs, for the Uic of our Pyrotecbnician. I {hall noW touch 
upon Mars, ]Sellona, ViSlery, Nemejis and Pallas all which ni^y bd 

T t t t verjf 
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Very i^ropcrly introduced upon Popular Rc^icings on the Score of War- 
like Atchievments, by adding to, curtailing from, or alterii^ the feve- 
ral Circumftances belonging to them, according as Time, Place, Op- 
pormnity and Expence will allow. 

The Ancients reprefented the God Mars as all Fire and Flame j fome- 
times drawn in a Triumphal Car, and at other Times advant^eoufly 
mounted upon a Warlike Steed j here he bore a Lance in his Hand, and 
there, a Scourge. He was commonly attended by a Cock ; thereby to 
fignify, that Captains and Warriors ought to be perpetually upon their 
Guard, Vigilant in their ConduA, and Diligent in their Enterprizes. 
His Favorites and thofe who fhared the moft in his Eftecm, were 7 (?r- 
roTy Fear, Difeord, as we find in Homer, Iliad, XIV. and Virgiti 
Mneid. VIII. 



- ^rijiefqae ex ^there dira 

Ft fcijffa gaudens vadit difeordia palla, 

^am cum fanguineo fequitur Bellonajlagelk, 

In EngUJh thus : 

The Dira fowfc from Hcav’n with qmck Dclcent, 

And Difeord dy’d in Blood with Garments rent. 

Divides the Prefs : Her Steps Bellona treads. 

And {hakes her Iron Rods above their Heads. 

And /Fneid. XII. 

— Circumque atra Formiditiis ora, 

Iraque Infdiaque, Dei comitatus aguntur,. 

In Fnglijh thus : 

Wrath, Terror, Trcafbn, Tumult, andDefpatr, 

Dire Faces, and deform’d, furround the Car, 

Friends of the God; and Followers of the War. 

Statius enlarges his Tram in Book III. of his ver. 425. 

■ cemuut jfyror, Iraqurer^iai, 

Frana mnijtrat Paroor aliger, ac ‘sigit amui 
Fama varies rmm fetrwBa tumukus,^ 

Auto volat ettrvum* 

In Fnglijh thus : 

* Fury and Wrathh^ Creft ac^uft. 

And nimble Fear diroflta the fiery Steeds ; 

Whilft flies on before cofpread abroad his Deeds, 

Some 



Dryden, 



Dryden, 
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Some have feigned that Ftar drove the Ch^iot of this Warrior God* 
Oaudian in 1. in 

Fergaleam Bellma mht^ nexa/querotaruniy 
^ende Patuor^ franet feleres Formieb jugales. 

In Englijh thus : 

My Helmet let Bellona bring j 'Terror my Traces fiti 
And pannic Fear^ do thoo, the rapid Driver fit. 

The fame AuthcH- de Lattdibms StUiconU. 



■ » ■■■» currum fatris. Bethna eruentteniy 
If itibui exuviis tendentem ad Jidera quercum 
Pracedity U^orqut Mifu^y eum fratre Pavttre j 
Barbara ferrath, inmBunt cofla catenis 
Forwdo ingentem uibrat fiiCciniPa Jttitrim, 

Iti Englijh xhyx&i 

Laden with Spoils, the Plunder of the War, T 

Bellona fwift precedes the cruel Car j V 

Lifting on high an Oak confpkuous from afar. ^ 

His labors Fear and Dread with trembling Pace 
Surprize and chain the rude Barbarian Race. 

With haggard Looks, and Robes fuccind: ^ri^ty 
Wields an huge Pole-ax formidably bright. 

Some Writers tell us that BeUma was the Sifter of MafSy and others* 
that £hc was his Wife j and a third CI^ of them, afSirc us, that Ihc was 
both his Sifter and Wife. She was reprefented with her Hair diftieveled, 
and ^red <wer her Shoulders* with a Torch in her Hand, as appears by 
Silius liatieusy Book Pun, 

Jpfafaeentquiit(umy as jlavem fangmne multo 
Sparfa comamy medias actei Belkna pererrat. 

thu^i 



Her Twch Bellona vnvmg through the Air, 

Sprinkles wiftvclotted Gore her flaming Hair ; 
ftjid through both Armies up and.down docs fly* 

Some reprefented her with a Scythe ia one Hand, and a Shield in the 
other* 
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ViSiory wjis pidured under the Form of a winged Virgin j in ad of 
Springing up into the Air j bearing in one of her Hands a Branch of 
Palm, and on her Head a Crown. By the Wings of this charming God- 
defs, the Ancients gave us to underftand, that the Events of War are 
doubtful and ambiguous j or that the Purfuit of the Ambitious^ who 
are for pufliing their Fortune to the utmoft Pitch, is not fo properly a 
Race, as a real and rcftlefs Flight: Or elfc they gave her Wings, to 
fignify with what a fudden Swiftnefs (he roams from Place to Place, 
from one Country to another to win the Ears and Hearts of Men. In 
Temples her Statue was ufually fupported by two others, who lifted and 
bore her up with their Hands. 

Her Robe was either White, or dyed with Purple j for as this, is -the 
S3nnbol of Majefty j that, is the true Emblem of Peace, and Hierogly- 
phic of the Joy fhe inftils into the Hearts of thofe whom Ihe pleafes to 
favour. 

Formerly likewiie Ihe was reprefented without Wings, and fitting 
upon a Ball. Some feign tljat by an extraordinary Prodigy the Wings 
of the Statue of ViSiory were burned by Lightning, which gaye a Poet 
Occafion to lay : 

Die mihi Roma^ alts cur jlat Vitoria lapjis 
Urbem ne valet deferuijfe Juam* 

And indeed, I think Romew^ in the right to deprive ViSlory of her 
Wings, fince it was a Means to prevent her from going elfewhere. 

You may then make a Statue Handing eredt, and holding Viblory in 
its Hands ; By which upright Pollure, will be fignified j That the Con- 
queror was not an heavy indolent Perfon, or one who would fuffer any 
Opportunity to flip by him, when he had a View of Conqueft, or of 
Ibatching Palms and Laurels from his Enemies. 

Nemejis was the Goddefs of Vengeance, the Rewardrefs of Virtue, the 
Queen of Caufes, the Soveraign Arbitrefs of Difputes and Difagrec- 
ments j and was held by the ancient T’beologians to be the Daughter of 
yujiice. Her Statue alfo was winged, and trod upon a Wheel j becaule 
of the wonderful Swiftnefs of her Adtion. Sometimes flie had a Bridle 
in one Hand, and the Meafure of an Ell in the other. This may be 
very futably applied, when any Prince or great Captain has obtained a 
fignal Vidtory over Rebellious Subjedls, the Violators of Peace, and Di- 
fturbers of the Public Tranquility; to the end that fueh Evil-difpofed 
Perfons may learn by this Emblem, That God is the furc and juft 
Avenger of Crimes, and that he leaves no Perfidy unpuniftied j and be 
warned another Time, how they attempt to exceed the Bounds pre- 
feribed to them by Eternal Providence, 

Minerva or Pallas is ftiled by -j* Cicero^ the Inventreft of Wars. 

t Cic. Lib. Y. d« ^)atnr. Pegr. Cap, XY. 



She 
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She was pictured with a Pomegranate in her Right Hand, and an 
Helmet in her Left, according to the Teftimonyof Celius: For there 
are two Things which preferve a Republic (namely) 'rheU>/;<?« of Hearts 
and Minds, which is figured by the Grains in a Pomegranaft : And, Rca- 
dinefs to defend it upon all Occafions, which is exprefled by the Helmet* 
An Helmet born in the Hand, and not upon the Head, fignifies ; That 
a brave and generous Prince covers his Country, and not his Head} that 
is, That he proteds his Subjefls, and maintains the Public Intereft joint- 
ly with his own, at the Hazard of his Life : And therefore it is, that in 
Phyfic Gardens you fee a Scij>io with a World at his Feet, covered by 
his Head-piece. 

As much may be faid of Peace } a Goddefs to whom tlie Ancients con* 
lecrated the Olive-Tree: It was from hence that Ovid framed a plea- 
fant Fiftion in Book VI. of his Metamorph. Fab, 1. Where he fays, 
“ That a Contention arifing between and Neptune^ about giv- 

“ ing a Name to the City of Athens } which put the Affembly of the 
“ Gods to a Stand, not knowing on which of the Two to confer the 
** difputed Honor : Neptune, to win them over to his Intcreft, flruck 
** the Earth with his Trident, and caufed a Horfe to rife up from it: 
“ Minerva, on the other hand, having the fame View with Neptune, 
** caufed an Olive-Tree to fpring forth .* Thefe fupernatural Produdti- 

ons being the Emblems of Peace and War, the Synod of Deities gave 
“ their Voices for Minerva, and fo decided the Controverfy.” By this 
Poetical Story we arc given to underftand, That Peace is infinitely more 
dcfirable than War } and that the Laws of the former are more plea- 
fant and light, than the Yoke of the latter, which renders Life bur- 
thenfomc and fad. You may have Recourfe to this Emblematical Fi- 
dtion, when any Prince has put an End to Wars, whether Foreign 
or Domeftic, which had harraffed his Country, and oppreffed his Sub- 
jefts. 

The Dove with an Olive-Branch in her Bill is a true Symbol of 
Peace ; and indeed it is what the Soveraign Head of the Roman Church 
[Innocent X.) has chofen for his Armorial Enfign ; from whence fome 
Men conjefture that God will be pleafed to rc-unite the Chriftian Prin- 
ces, under the Pontificate of this Spiritual Chief, and rellore Peace to 
his People who have for fo many Years part groaned beneath a Load 
of Mifery } and who wHh for no Favour with fo much Ardency, as the 
BletTings of an univerfal Pacification, 

Now with regard to the Olive, the Romans were wont to reprefent 
Peace with a Branch of it in her Hand ; or elfe with Ears of Corn ; 
and crowned her with Laurel. Sometimes Painters and Statuaries 
placed a Rofe, and at other times a Caduceus or Wand in her Hand. 

The greateft Attendant, and moft intimate Affociate of Peace, was 
Felicity or Happinefs who was pidured as a Woman feated upon a 
Royal Throne, holding in her Right Hand a Caduceus, and in her Left 

U u u u 
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a Horn of Plenty •f*. For it is moft certain. That the true Happincfs 
or Welfare of any State confifts in a ^crfcdt Union between the Prince 
and Peb{)le, and in the Fertility of Soilj which can never be lb well 
cultivated as in Times of Peace. 

Thefe Statues may particularly ferVe by way of Decoration, to Tri* 
umphal Arches, and other Artificial Stru< 5 tures the Engineer may credt j 
Fig. 205. or they may be placed upon Pedeftals, as you fee in Fig, 205. 

When any great Admiral fhall have obtained a Signal Vidlory by 
Sea, you may reprefent a Triumphant Ntptme upon the Water, drawn 
by Sea-Horfes ; crowned with a Naval Diadem j darting a Trident 
with his Left Hand ; and in his Right holding a Ship, with her Sails fee 
to the Wind j upon whofe Prow, Honour may appear, under the Form 
of a Youth i decently clad j crowned with a Wreath of Laurel ; and 
bearing a Scepter in his Right-Hand, and a Pike in his Left t Virtue al- 
fo may he fcated at the Helm, under the modeft Garb of a Matron j 
tho’ (he was anciently reprefented by a young Man. Neptune may be 
on all Sides furrounded by a Number of Nymphs, Nereids, and Sea- 
Monfters, blowing in Conchs and other Sea-Shells, and in zdt of pre- 
fenting Crowns ro the Brave who thirft after Glory. In fhort, our En- 
gineer will have a fertile Field before him, when the Celebration of 
fuch Occurrences requires him to bend his Invention this Way. 

We arte informed by Hiftoty* That Duillus was the Firll of the Ro- 
mans who triumphed for a Sea-Vi<^ory. Valerius Maximus tells us j 
If. That whenever DuiHus went to any Entertainment, he had a Torch, 
or fome other Light, carried before him ; and that, Supper ended, he 
returned Home With the fame Equipage, and preceded by Trumpets 
and Minftrtels j by which Nofhirnal Ceremony he chofc to exprefs a 
remarkable Succefs In War.” 

Upon the whole, you mull: know that obtained the IVatry 

Empire, for his having been the firft Inventor of Navigation, for his 
having built the firft Ships, and fitted out the firft Fleet, of which (fay 
dley) he was appointed Commander in Chief by Saturn. 

But before I clofe op thefe Triumphant Reprefentations, I cannot for- 
bear entertaining you with a Defeription of that artificial and wonder- 
ful Piece of Machinery exhibited at Paris, upon the Vidlorious Return 
of His Mcift Chriftian Majefty Louis XIII. from the Siege of Rochelle in 
the Year L628 J and which was contrived by Jlenry Clarmer of Norim- 
berg, one of the moft celebrated Fire-Engineers of our Age, and whom 
we have taken an Opportunity of mentioning in the foregoing Part of 
this Work. Paul Grodkki, one of the beft Engineers in Poland, fpeaks 
of it to this Effedt. “ The y^r/^had raifed an Artificial Rock in the 
middfe of the 'Sehr, which appeared inacceffible, for the Dangers 
** which feemed to furfoUnd it J and fi*ighcful, becaufe of its Precipices: 



f Pliu. Lib. XXXV. 



t Val Max. Lib. I. Cap. Vl. 
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To tliis Rock he chained a Naked Virgin, about whona were feen 
“ Nymphs running up and down in a confufed Manner with lighted 
“ Torches in their Hands, and bewailing the rigid Fate bf the Captive 
Maid. At length, there appeared a dreadful Sei-MonAer, bf ebot- 
“ mous Gate, vbmiting Fire and Flame in liich abundance, and in fuch 
“ various Redundancy, that he was equally the Dread and A^iratibn 
" of the Spedtators : This prodigious Creature was carried by the 
^ Stream towards the Rock, with feeming Intention to devour the Vi- 
“ dim defigned for him ; but at the Inftant he had reached the Rbck, 
’** and was eagerly moving on towards his Prey^ a young Herbe appeared 
in the Air, advaniageoufly mounted upon a winged Steed j who cbw- 
ring down with the Reins upon his Necls^ and fowling dircdly 
" upon the Monfter, the Heroe ran him through and through with 
“ his Spear j and from the Wound there rulhed but a prodigious Quan- 
tity of Artificial Fires. Inlhortj the Rock, theMonAer, the Heroes 
" and the Maid-, &c. were made up mi Artificial Fire-J^orks, which 
“ plaid inceflantly for feveral Hours. AmongA other Things, he re- 
** prefented the Arms and Name of the fubjugated Town in Fiery Cha- 
“ raders j together with the Royal Name of the King, and whole Sen- 
** tences of Triumph and Glorious Import ; all which were feeii fcat- 
“ tered up and down in the Airy Expanfe.” 

This fine Piece of Machinery was derived from the Story of Andro^ 
meday the Daughter o£Cepbeus and CaJfiopCy King and Queen of JEthith 
piuy who for her Mother’s Pride and Vanity in boaAing that Aie fur- 
pafled the Nereids in Beauty and Comlinef^ was by them taken, and 
bound to a Rock to be devoured by a Sea-MonAer j but Ferfeus happily 
pafllng that Way in his Return to his own Country, delivered her, car- 
ried her away with him, and married her. Propertius mentions this in 
Book II. 

Andromeda monfirisy fuerat dedicata marinisy 

Hac eadem Perfei nohiUs uxor erit. 

In Engiijh to this effed : 

T’ a direful MbnAer of the Ocean Stream, 

Andromeda expos’d j a helplefs Prey ! 

Perfeus the deAin’d Virgin did redeem j 
And bore the fiiccour’d Maid his future Bride away. 

It muA be allowed, that the Thought d£ the-Engincer, throughout 
this whole Piece, was extremely juA and natural, and moA pminently 
adapted to hisSut^d; for the King was repretented \sf Perfiemi the 
winged Steed, or PegafuSy gave us to underAand the martkl and adive 
Genius of that great Prince } An4romeda the true Type of the Ca- 
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thoiic Religion y at that Time opprefTed by the Protejiants of Rochelle 
the Rock bore allufion to the Town of Rochelle itfelf, and ilited very 
well with the Etymology of it. In a word; the Monfter deftroyed, and 
Msiid delivered by Perfeus^ figured to us, the Rejioration of the Catho- 
lic Churchy which had been doomed to Deftrudtion by the Protejianfs^ 
and the Suppreffion of their Herefy, and their Redudion to Servitude 
and Obedience. 

This Fable may be very naturally applied, when any great Captain 
fhall have compelled an Enemy to raife a Siege, and obliged them to 
quit any Place or Fortrefs, which they had obflinately attacked; and 
reftored Peace to thofe who thought themfelves upon the Brink of 
Ruin. 

The conquered Cities may be reprefented by young Damfels, or ve- 
nerable Matrons (provided the Female Sex agrees with the Name of 
the Place j) who may be placed in fome great Gate-way, as it were 
faluting fome Hero drawing near, and (hewing him, how all the Gates 
are opened to receive him; that the whole Town is devoted to his In- 
tereft, and that he has nothing to do but to take peaceable Poffelfion of 
it. This (as we are Informed) was lately done at the Surrender of Grave- 
linneSy one of the prettieft Maritime Towns in all F landers ^ which was 
beilcged and taken by the Duke of Orleans. 

But who is he that can give fufficient Inftrudions in any Arf^ to fa- 
tisfie the entire Bulk of his Readers? Do we not fee every Day New 
Additions and Improvements tacked to old Inventions ? And what was 
unknown to our Fore-fathers is now fo common amongft us, that one 
is almoft afhamed to dwell ^pon it. In our Days nothing is acceptable 
but what is New, difregarding every Thing which has been formerly 
feen or performed. And therefore I (hall have done with the Subjedt 
We have been here handling, and (hall leave what clfe might be faid of 
it, and whatever can be drawn from what I have here inferred, to the 
Fancy and DKcretion of the Perfons whoare led by their Genius or Pro- 
fefiion to cultivate our Art. Proceed we now to the Vigils or Fejli- 
•uals ; and let us take in Hand the Fire-works which may be properly 
applied to the Celebration of thofe Solemn Occafions. 

But I muft here obferve, that I believe our Recreative Fire-works and 
Bonfires derive their Origin from a certain Ceremony amongft the 
Ancient Romans^ upon thofe Feftivals which they held in Honour of 
their Falfe Gods. I (hall therefore here produce the Teftimony of 
(everal Authors, for your Information in thefe Ancient Rites, and to 
illuftrate the Pomp of their Artificial Fires y but before I enter upon 
this, I muft premife a few Words. 

The moft famous of all the Games in vogue amongft the Ancients, 
were thofe which they called Secular'. If you would know the Origin 
of them, you may confuk Valerius Maximus Lib. II. Cap. 4. and other 
Authors. They were called Secular Games; becaufe they were cele- 
brated 
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brated once every Hundred Years, which they commonly computed to 
be a Seculum or Age. Valerius Puhlicola^ who was the firft Conful after 
the Abolition of the Kingly Government, was alfo the firft that inftitii- 
tcd and celebrated them. But the laft that held them was Septimhis Se- 
verus with his four Sons, all of them exalted to the Confular Dignity; 
for Zojimus alTures us, they were never revived afterwards ; becaufe tlic 
End of the fucceeding Age was ruled by Conjiantine Chrijlianus and Li~ 
cinius. But Orofms Lib. VI. Eutropius Lib. IX. Zonoras Lib. II. and 
Eufebius Lib. VI. affirm that the two Philips (the Father and Son, who 
arc thought to have been the two firft Chriftian Emperors) held them at 
Rome with a great Concourfe of Jews above a thoufand Years after 
the Foundation of the City. Pope Boniface was the Firft who in Imi- 
tation of the old Romans^ inftituted the Chriftian Secular Year, (which 
we now call the Great fubilee :) This he did in the Year 1300, under 
the Reign of the Emperor Albert. (Sec John Vail. Lib. VIII.) After 
him Pope Clement the VI, at the earneft Sollicitation of the Romans^ 
ordered the Myfterious Ceremonies of the Jubilee to return every Fif- 
tieth Year, and accordingly began with the Celebration of it at that 
Term in the Year 1350, under the Reign of the Emperor Charles the 
IV. In Ihort, Pope Xyjius the II inftituted the Obfervance of it eve- 
ry 25 Years; which he confirmed by his own Example in the Year 
1475', under the Reign of Frederic the III. To conclude, the Roman 
Catholics celebrate it this prefent prefent Year 1650 under the Pontifi- 
cate of Innocent the X, at this Day the Head of the Roman Churchy 
and under the Reign of the Emperor Ferdinand the III. Thofe who 
would know the Cer«nonies ufually pradifed in the Solemnization of 
this Myfterious Feftival, may confult our famous Annalift Paului 
Piefecius Biftiop of Premifaw, who was at Rome in the Pontificate of 
Urban the VIII, where he carefully obferved whatever he faw worthy 
of Notice; but if you would have the frefheft Accounts relating to this 
Matter , you may be informed by thofe who return this Year from 
Rome ; for the Ceremoninal varies confiderably every Time. But let 
us now return to the Secular Games obferved by the Ancient i?o- 
mans ; from whence to gather fome Hints relating to the Decoration 
of our Artificial Fire-nvorks. Firft then Rofinus fpeaks thus. *f- The 
Time for celebrating the Games dranving near^ Mejjengers were dijpatch- 
ed to all Parts of Italy to convene the People^ and invite them to be 
prefent at thofe Games, which had never been feen before, and perhaps 
never would be feen again. Being then affembled, and the Feftival near 
at Hand ; fifteen grave Perfons were prefented to the Public, whofe buji- 
nefs it was to offer up Sacrifices in the Capitol and the Palatine Temple; 
and who being feated upon an Eminence, difiributed the Offerings to the 
People-, which were no other than Torches o/* Pine-Tree, Sulphur, and 
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Bitumen j hut Servants and Slaves were excluded from thefe Prefents, 
and it was unlawful for them to accept of any. Befides the Places al- 
ready mentioned', the People ajfemhled in the Temple of Diana upon the 
Aventine Hill, where it was the Cufom to give them Wheat, Beans, and 
Barley. T'hen they began to watch as ufual in the Sacrifices and Rites of 
Ceres. Phe Day being come, they repaired to the Banks of the Tiber, 
where they remained three Days, and three Nights, wholly intent upon the 
Sacred Ceremonies, jifter thefe Preparations they ofi'ered up Sacrifices to. 
Jupiter, Juno, Apollo, Latona, Diana, Fates, Ceres, Pluto, and 
Proferpine &c. *To this purpofe the Prince upon the Second Hour of the 
Fiffi Night caufed three Altars to be erehled, upon which be offered up 
as many Lambs, and with him the Fifteen Venerable Men, and having 
fprinkled the Altars with Blood, they burned the Vihiims together, fhis 
doney they raifed a kind of Theatre, and lighted up a great Number <f 
Fires, Torches, and Lamps j and fang Hymns adapted to the Solemnity^ 
and began to celebrate their Spebiacles in good Earneji-, difiributing 
Wheat, Bean^ and Bzrlcy, to thofe who a fled the Principal Parts', as 
had before been done to the whole Multitude in general. On the Morrow 
they repaired to the Capitol, there to perform tbeujual Sacrifices-, and 
then ajfemhled in the Theatre, to fee the Games In Honour of Apollo and 
Diana. Upon the following Day the Noble Matrons went up to the Capi- 
tol, there {at the Hour appointed by the Oracle) to pray, to frequent the 
Banquets, and to fing Hymns according to Cufiom. In fiiort-, upon the 
Third Day they convened in the T emple of Apollo, on the Palatine Hill, 
where Twenty-feven Boys in ceremonial Habits, and' as many young Girls 
having both Father and Mother living, declaimed in Greek and Latin, 
and fang Paeans to, the Immortal Gods, recommending to them the Safe- 
guard and ProteSlion of their Empire and People. 

As for the Decennia, which were Games inftituted by the Emperot 
GalUenus kept every Ten Years j Trehellius Pallio fpeaks of them 
to this Purpofe. After a pretty confiderable Slaughter of Soldiers near 
Byzantium ; Gallienus, as if he had done Jbme mighty Feat, returned 
with the iiimoft Precipitation to, Rome, and having convened the Senators^, 
he celebrated the Decennia with new Sorts of Games, with a ?iew kind of 
Pomp, and with the moji exquifite Voluptuoujhefs^ He JirJi went to the 
Capitol, attended by all the Senators, Knights, and Soldiery, in white 
Habits-, thefe were preceded by an innumerable Multitude of Men, Women, 
S ervants, and Slaves, with Wax Flambeaus, and lighted Lamps : On 
each. Hand were ted in fine Order, an Hundred White Oxen with gilded 
IDrns, and adorned with, rich SilkHoufingsandTrappings of various Colours. 
On either Wing alfo zoo white Lamks and lo Elephants (which were then in 
Rome) and 1200 Gladiators magnificently habited under the Difguife of 
Matrons, all Jhining with Gold, together with 200 Beafis of Prey of fe- 
ver al Sorts, finely adorned-, Waggons full of Mimics and all kinds of 
ABors', Boxers, fighting jham Battles-, Fellows counterfeiting the Cy- 
clops: 
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clops: In Jhort^ it "was wonderful to fee them^ and nothing wat to be heard up- 
on the Way but Shouts and Clamour. The Emperor, in the midf cf all this^ 
appeared with the embroidered Robey and palmated Tunic y attended (as we 
have [aid) by the Senators, Priefts, Sacrificers, &c. in their ceremonial 
Habits. With this Equipage he moved on towards the Capitol, having on 
each Hand 500 gilded- Spears or Halberds for his Body Guard y together 
with 100 EnfgnSy and the Banners y Gonfalons, and Streamers, of the 
Colleges, Halls, Temples, and tkofe of all the Legions. To thefe fucceeded 
a vaji Croud of People, difguifed like Goths, Sarmatas and Perfians, who 
marched /it leaf 200 in a Troop. 

Thefe it mull be owned were mighty fine Diverfions, and highly de- 
ferving the Attention of fuch great Men : But let them go on after 
their own Fancy without Contradidlion j and let us leave it to the Py- 
robolif, to pick and choofe what can anfwer to his purpofe froni thefe 
Whims j whilft we take another Subjedl in Hand. 

As for the Fcalls or Revels of Bacchus, which were commonly pra- 
< 5 lifed in the Night-time, we find great Variety of them amongll Au- 
thors j but particularly in St. Augufin, who tells us in his City of 
God, That not only the Romans (who held thefe mad Frolics in great 
Veneration) but that alfo the Grecians obferved them with the moll hor- 
rid Excefles and Infolencies imaginable ; ninning up and down the 
Streets and public Places of the City, like Madmen, bearing Torches 
and Pitchers of Wine which they drank of without Meafure j but for 
the other infamous Culloms committed at that Time, I will not fully 
my Page with any Rehearfal of them. However, in procefs of Time 
the Romans grew weary of them, abolilhed them, and banilhed them 
from their Republic, and enaded fevere Laws againll them, and or- 
dained heavy Punilhments to be inflided upon thofe, who Ihould ever 
attempt to revive them in any Part of their Empire. Alexander of A- 
lexandria tells us fomething of the fame Nature, with Relation to the 
Games called Floralia ; or which were celebrated in Honour of Flora. 

Diana had allb her Feall-Days, which commonly fell out upon the 
Ides of Auguf : The Days dedicated to her, were obferved with Torch- 
es, Flambeaus and other Lights; as wc find in Propertius, Book II. 

Eleg. 32. 

— — fed tibi me credere turba vetat. 

Cum videt accenfs devotam currere tedis 
In nemus, Sf Trivia lumina ferre Dea, 

Ovid alfo de Faf. 

Sape potens voci frontem fedimita coroms 
Famina lucentes portat ah urbe faces. 



t St. Auguft. de Civic. Dei, Lib. X. Cap. Xilk 
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In Bnglijh thus : 

Oft-times with Temples crown’d, and clam’rous Cry, 

The Woman bears the flaming Torch on High 
From out the City Gates. 

The Ancients alfo did fet Days apart in Honour of Ceres^ whofe Fc- 
ftival was folemnized with burning Torches j becaufe ftic firft under- 
took the Search of her Daughter Proferpine^ who had been carried off 
by Pluto the King of Hell. LaBan, Firm, fpeaks of it to this Effedt : 
•f* The Feaji of Ceres was celebrated with burning Torches; becaufe Jhe 
is faid to have lighted Torches on the T*op ^ Mount ^tna, when Jhe went 
in quejl of her Daughter^ who bad been ravijhed by the gloomy God of 
the Infernal Regions. Thofe who adted a Part in this Feftival, ran a- 
bout like mad People with Crcflet-Lights of Sulphur and Dirt, as may 
be gathered from fuvenal Sat. II. and Verf. 91, 

faUa^ fecreta coluerunt Orgia tada 
Cecropian foliti Bapta laJJ'are Cotytto. 

Lucius Ann. Senec, alfo : 

votivam matres Graja 
Lampada jaSlant. 

In Fnglijh : 

To thee the Grecian Matrons throw the votive Lamp. 

Thofe who would be particularly informed upon this Subjed, may 
confult Statius, Book VII. of his Theb. Verf. 412, and the fame Author 
Book XII. Verf. 13 2. Claudian, Books II. and III, Mart. Book II. de Nupt. 
Ovid's Epijlle II. from Phillis to Jlemopboon, &c. 

To thefe three Fcftivals the Athenians added Lamps, which they 
vowed to Panatheneea, Vulcan and Prometheus. They held Vulcan to 
have been the firfl: Inventor of Fire, and to have taught it the Firft to 
Men, as we are told by IJier in Suidas by the Word 

They not only ufcd Torches and Flambeaus upon their Feftivals; but 
alfo at the Initiations of all their Priefts and Sacrificers ; witnefs Hejioi 
Lib. IX, and Juvenal Sat. XV. 

— — — quis enim bonus aut face dignus-. 

Arcana qualem Cereris vult ejfe facerdos. 



1 fUn. Lib, I, Cap, xkl. 



And 




BookV. Of the Great /irt oJ kwTiiJLESLY. 957 

And Statius Book II. of his Thebais ; towards the End of it. 

Tuque Adtaa Ceres curfu cut femper anhelo^ 

Vctivam jaciti quajfatnus lampada myfiez. 

I will not here dwell upon the Feftivals and Days dedicated to *S'^- 
turn^ which were alfo celebrated with Lights, as we are told by Macro- 
bius -f- ; But to all thefe we might add the Sacred Fires made of Straw, 
and lighted up by the Savages or Barbarians^ over which they jumped 
three Times : Ovid fings thus with regard to this Matter. 

Turn licet appojita veluti cratere camellay 
Lac niveum potes purpureamque fapam 
Moxque per ardentes Jiipula crepitantis acervos 
Trajicias celeri Jirenua membra pede. 

This Cuftom has defcended even down to our Days ; for throughout 
all Poland, Lithuania and RuJJia, and in all their circumadjacent Pro- 
vinces, this Cuftom is rcligioufly obferved j and even in France, the Po- 
pulace both Men and Women, Young and Old, affemble together upon 
the Eve of the Nativity of St. yohn the Baptift, and after having light- 
ed up Fires in all thcCrofs-Roads, they dance about them, and jump 
over them in Token of Jfoy. % The great Olaus affures us, that the 
fame Cuftom was obferved in his Time in Sweden. 

But we have faid enough of the Fires wherewith the Ancients ufed 
to celebrate their Vigils and Feftivals. I might indeed enlarge confi- 
derably farther upon this Head, in Confideration, that we infinitly fur- 
pafs the Ancients, not only in Artificial Inventions, but alfo in Piety 
and Religion j however, left you fhould think I rather defign here to 
write a Book than a Chapter, I ftiall take the ftiorteft Way of handling 
it, by faying nothing farther of it. Upon the whole, I deem it high 
time to touch upon the Artificial Fire-Works which are ufually pra- 
ftiled at the Celebration of Nuptials, at Feafts, and public Aflemblies, 
and Merry-makings of Friends, which are in the greateft Requeft at pre- 
fent : For to fay the real Truth of the Matter, the People of our Age 
are fo Clofe-hearted, and fo Backward in paying the Veneration due to 
the great Author of all our Good, that we can hardly perfuade our- 
felves to be at any Expcnce in the Celebration of Holydays and Sed- 
fons let apart for his Worfliip, in the Commemoration of his Saints j 
(God forbid it ftiould ever be mixed with Superftition, feigned Devotion, 
or Pharifaic Vanity j) but on the other hand, we are fo liberal in our 
Feafts, fo profufe in our Superfluities, and fo prodigal in all our De- 
baucheries, that nothing is too Good, nothing too Dear, for us to bc- 
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flow on the Gratification of our unruly Appetites. But if you arc dc- 
firous of being furnifhed with Hints towards the Preparation of Fire- 
Works for the Celebration of Sacred Seafbn's and Occafions, you may 
confult the Holy Writers, in whom you will find an inexhauftible Fund 
of Myflical Treafures : And therefore, if you fhould ever have an Op- 
portunity of exhibiting Sacred Fire’-Works, you may have recourfc to 
the Infpired Text, or confult thofe who alone have the Power of intcr-^ 
preting it, and of explaining the Myfterious Secrets, which the Divine 
Majefty has been pleafed to couch under it. For my part, I fhall pur- 
fue my Intention of treating on Human Vanities, by iniftrud:ing you in 
the Conftruftion of fuch Fire-Works^ as are ufually applied to Weddings, 
and the Caroufals of Friends, fisfr. 

We have the Teiiimony of many confidcrable Authors to inform us. 
That it was cuftomary with the Greeks and Romans to folemnize their 
Marriages, and public Entertainments with Fires. We find their Poe- 
tical Works almoft cvery-where intcr/parfed with theft Terms, (viz.) 
Ttadee or Faces Jugales^ Faces Legitimay *Tadte Geniales & Feftae ; that 
is. Nuptial Torches, Legitimate Torches, Gfr. Claudian fings thus. 
Book II. in Ruffin. 

.■ — ’ dileSka btc pignora certi 
Hie dmuSy hoc proprium tadis genialibus Mm. 

The fame Author again, 

Gum tibi prodiderit fejias nox prmuba teedas. 

And in an Rpitbalamium of Honorius and Maria. 

ftu ffifie^Hymneee faces ut Gratia ffiores 
RHge. 

Sencea the Tragicotnoedian. 



Ft tu qui facibus legitimis ades 
No&em dijeutiens aujjpice dextra.^ 

Ovid alfo Fafor. II. and elfcwhcre. 

Conde tuas Hymenae faces, & ah igmbus atrk 
Aufer, babent alias mcejla feputebra faces. 

In BngVJh : 

Go Hymen, ftop die long-cxpcfting Dames, 

And hide thy Torches from the difinal Flames. 

Thy 
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Thy Prefence would be fatal while wc mourn ; 

And at fad Tombs m^ft other Tapers burn. 

Now in order to acquaint you, what the ancient Poets underftood 
by thefe Fires and Torches; we will give you the Exposition of *f* FV- 
Jiits concerning it, {viz.) Torches c tarried before the Nuptial Pair 

in Honour of Ceres, and the Bride was wajhed with Water, that jbe might 
appear the more pure and chafe to the Bridegroom', or they thereby fgnf 
fed, that fhe was obliged to go through Fire and Water (as wc have it in 
Englifj) with her Husband. 

Labiantius Firm, us other Reafons for it, (viz.) J Thefe two 
admirable Principles (meaning Fire and Water) have two Diametric ally r 
different Properties and Effects, (viz.) Heat and Moiihire, by means of 
which God produces and fupports all created Beings. And a little lower J 
One of thefe Elements is as it were the Male, a?id the other, the Female j 
the one is Adlive, and the other PalRve : And therefore if wqt that the 
Ancients introduced the XJfe (or Sacraments as the Original has it) ^Firc 
and Water to ratifie and confirm Marriages ; and the rather, becaufe eve- 
ry Thing that has Life is compounded of Heat and Moifture ; and thus as 
every Animal is made up of a Spirit and a Body, the Body conjifis in Hu- 
midity, and the Spirit or Soul in Heat. 

The Wood of the Pine was the moft frequently ufcd for the^ TprphcSj 
witnefs Ovid Book II. Fafior, 

Exoptat puros pineea tada Deos, 

In Englijh thus : 

H’ implores the Sacred Gods with Torches of the Pine. 

Plutarch xclh us they were ordinarily carried by five Youths atnongft 
the Romans-, but with the Greeks, the Bride’s Mother bore them her- 
felfi as we arc told by Dempfierus : But I lhall dwell no longer upon 
this, and Ibill haRen to the Pyrotechnic Works, which may be properly 
applied to the Sdemnizatkm of Nuptials. 

I need not tell you that Marriages are Scafons entirely devoted to Joy 
hy the Friends of the contraded Parties, and celebrated by their Rela- 
tions and Parents, Gfr. with certain mutual Liberties, and a thouiand 
innocent Pallimes, Games, and Diverfions, ]^hich are fo peculiarly 
adapted to fuch Occafions, diat it would be highly improper to pradife 
them at any other Time. And therefore fince all decent Liberties are 
allowed in this Cafe, the Pyrobolifi will have a notable Foundation to 
build upon. But here, if he would follow the mpR general Rules that 
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have hitherto been laid down with regard to this Matter: He muft 
give the firft Place to Statues and Antics curioufly wrought, with 
which he may adorn Fabrics, fuch as imitative Palaces, Triumphal 
Arches, Caftles and Fountains, &c. Amongft other Decorations, he 
may reprefent a JunOy a V muSy a Dianay a Cupidy and all thofc lovely 
Deities, as well Male as Female, whom the blind Heathens held to pre- 
fide over Marriages, &c. and whole >Effigies you will find, or at leall 
Deferiptions of them, in the poetical Works of both Ancients and Mo- 
derns. Now that I may lend a helping Hand to thofc who have not 
the Convenience or Opportunity of reading fuch Books ( which are not 
always to be had cafily) and that our 'Pyrotechnic al_ Novice may not be 
at a Lofs, or be put to the trouble of unraveling the Intricacies of thefe 
poetical Fidtions j I lhall here undertake to lay before him whatever re- 
lates to this Matter in the cleareft Light, and to illuftratc it to him in 
the moll lively and familiar Manner. 

JunOy the Sifter and Wife of Jove, amongft many other Appellations 
and Attributes bellowed on her, by her Votaries was called Lucina j be- 
caufe they imagined, Ihe opened the Eyes of Infants, and adminiftred 
Light to them as foon as born j from whence alfo Ihe was called Lucelia. 
Or elfe Ihe was called Juno Lucinuy d Juvando & LucCy (that is) from 
giving or helping to Light wherefore it was, that Women called out 
upon her in the Pangs of their Labour. She was alfo ftyled Juno Ju- 
galis y either, becaufe the wedded Couple were under one and the fame 
Yoke, from whence the Latins called the Husband and Wife Conjuges 
or Yoke-Fellows; or becaufe of the Yoke which was ufed at the Cere- 
mony of their Nuptials. 

Rojinus -f* deferibes her Statue thus : She was reprejented by a Woman 
Jeated upon a Throne ; holding a Scepter in her Right-Handy and having a 
Diadem upon her Heady which was veiled in the Clouds-, Jhe was encom- 
pajfed all round by Iris or the Rainbow, which was called Juno’j Mefenger^ 
wherefore it was, that they figured the Iris, as a Maid-fervant, ready to 
execute the Commands of her Miftrefs. She had Peacocks at her Feet, 
on each Side of her, which were particularly called the Birds of Juno. 

Diana, the Sifter of Apollo osA Daughter oi Jove, was alfo called 
Luna and Lucina by the Ancients, w;ho honoured her with many fine 
Attributes. They, amongft other Things, held her to prefide over 
Births, and the Chafe. The Women, as foon as delivered, facrificed 
to her, and made Veftments for her. The Hunters celebrated her Fe- 
ftival in Augufi, after a moft pompous Manner with Flambeaus, and 
Torches, adorned with Ears of Corn, as we find in Gratius\ Cynegetica. 

Spicatafque faces, facrum ad nemorale Diana 

SiJiimuSy & folito catuli velantur honore. 



t RoGn. Lib» II. Cap, VI. 
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Ipfaque per flares medio in difcrimine lucis 

Stravere armd facris. 

She was reprefented under the Form and Meen of a Woman, with 
her Hair loofe upon her Shoulders j armed with Bow and Arrow, and 
with her Forehead furmounted by a Crefeent. Sometimes (he was 
pidured in a Hunting Habit, in full Chafe after a Stag. 

Cleobulus tells us, That Ihe haring one Day defired her Mother to 
weave her a Gown ; her Mother (knowing her natural Impcrfedlions) 
replied j How is it pofllble for me to make a Garment to fit you, fince 
your Form is fo prodigioully given to Change ? This may be very juftly 
applyed to Whimfical and Capricious Men, who are as unftable and 
various as the Moon j for in truth, they know neither Rule nor Mea- 
fure. 

Venus always (hared greatly in the Veneration and Efteem of the 
Ancients, as (he was the Goddefs of Pleafure, Delight, and Generati- 
on. The Poets would make us believe, (he was begot by a Spark or 
Seed of Fire which fell from Heaven into the Sea, dnd animated fome 
of the Froth of that Liquid Expanfej thereby figuring (as Varro tells 
us) the great Power of Fire and Water when duly tempered together 
and united. 

She was fometimes pictured as a young and tender Virgin, rifing out 
of the Sea upon a Scollop-fliell. At other Times (he appeared as a 
perfed, mature Woman, holding a Conch-(hell in her Hand, and having 
her Temples crowned with a Garland of Rofes and other Flowers. The 
Graces attended behind her, and Cupid and Anteros were on each fide 
of her. Here you faw her exalted in a Triumphal Car, drawn by 
Doves, in allufion to their Chaftity j and there, by Swans to fignific 
that Love is contraded by Blandiihment, Candor, and Sincerity j or 
that the- Votaries of that Divinity are always outwardly Neat, Polite, 
and Genteel, but that they are like Swans, Black within j or elfe. That 
forgetting they muft die they fing like thofe Birds when on the very 
brink of Eternity. 

Again J (he was naked j to (hew that an unbridled Voluptuoufnefs 
diverts us of our bert Drefs, and fends us away Empty-handed. 

Phidias oi Elisy that excellent Statuary, carved with a Tor- 
toife under her Feet (as we are told by Plutarch in Pracept. Connub.) to 
admonilh Women by the Sloth of that Animal, to confine themfelves 
to their Houfesj and by the Silence of it, to learn Taciturnity. 

The Lot which fell upon Venus at Play was formerly reckoned the 
mort Lucky that could have happened {viz.) to have the Dies fall all 
upon one Side. This Statue then may be very proper in the public 
Congratulation of any Prince, who has enlarged his Dominions by a 
Happy Marriage, or by an Advantageous Alliance j not by the Alfift- 
ance or Interpofition of MarSy but of Venus. 

Z z z z Cupid 
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Cupid was the God of Love, of Luxury, and all forts of Lafcivi- 
oufnels. Servius dclcribes his Statue thus, according to Rf^nus. “ He 
“ was reprefcnted as a Child j becaufe he is no other than an intempe- 
** rate Defire of Things unclean and immodefi j and, becaufe Lovers 
do nothing but fool away their Time like Children. 

They gave him Wings i becaufe there is nothing lighter than the Mind 
of a Lover, nothing more uncertain than his Vows; nor any thing 
more changeable than his Refolutions. I'hey gave him feathered Darts 
in his Hand, to fignifie That the Sting of Repentance and Remorfe of 
Confcience follow clofe at the Heels of the Pleafures of Love ; Or clfc 
to fhew the Doubtfulncfs of its Events, the Suddennefs of its Courfe, 
and Shortnefs of its Duration. This obliged Boetius to fing thus, in 
his Confolation of Pbilofophy^ 

Omnis habet bac VoIuptaSy 
StimuUs agit fruentes^ 

Apiumque par volantuniy 
Vbi grata mella fudity 
Fugit & nimii t enact 
Figit iSba corda morju. 

In Englijh to this Effcfl:. 

Love, whofe Empire knows no Bounds, 

Pleafes firft, and then he wounds : 

Like the Bee, this Infant-King, 

Has both Honey and a Sting. 

Fhihftratm has ravilhingly well exprelTcd the Power of this amorous 
Pafllon. Plutarch calls him a Diblatory which was once the moll 
Eminent Office in the Roman State ; and others call him a Soft Tty- 
rant. 

He was formerly mounted upon a Lion, to fignifie that he tamed all 
Things. 

Pbilippus feigned. That he had torn the Thunderbolts out of the 
Hands of Jupiter y that he had llripped Apollo ; taken Mercury* s Wings 
and Caduceus from him; difarmed Hercules of his Club, Mars of his 
Swewd, Bacchus of his fhyrjusy and Neptune of his Trident; meaning 
thereby. That none is able to witbftand the powerful impreffions of 
Love. In truth, all thefe beautiful Fidtions may be very naturally and 
gracefully introduced, in your Pyrobolic EdificeSy if you have Judg- 
ment fufficient to guide you in the proper Application of them to 
Times, Places, and Perfons ; but more particularly, upon the Mar- 
riage of fome Brave and Generous Warrior, who till then thirfted af- 
ter nothing but the Glorious Fruits of War; but is at length fmitten 

by 
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by Ibme lovely Beauty, and difarmed by the Hands of an agreeable Wo- 
man, who ftiall enllave him under the Influence of Sacred and Legiti- 
mate Marriage. To thcfe may be added the fabulous Story of Hercules^ 
which tells us, he was (6 paflionately fond of the charming Queen Om- 
pbaky that forgetting himfelf to be the mighty Hercules^ he changed 
his Lion’s Skin for the Effeminate Drefs of a Woman i and employed 
himfelf in fuch Works as can only become the Fair-Sex j fuffered his 
Miftrefs to put on his Martial Habit and Accoutrements j and what was 
farther extraordinary, was fo complaifant as to take Blows from her. 

Jjyoe was alfo painted as .a Child, Bareheaded, and clad in a green 
Mantle, upon the Hems of which were feen thefe Words, Mors Of Vita^ 
or Death and Life, which are the ufual Boundaries of this Paflion, 
which for the generality runs into Extremes. Upon his Forehead he 
had this Device Mftas & Hyems^ or Summer and Winter, fignifying that 
Fricndfhip and Love ought to be always the fame, and equal in Adver- 
fity as well as in Profperity. His Side was laid open over-againft his 
Heart, where his Motto was expreffed, Longe & Prop^^ or Far and 
Near; meaning thereby, that the Diftance of Place from the Objedl be- 
loved, is unable to difunite the Hearts of true Lovers. 

The Graces^ which the Greeks called ChariteSy tho’ they had no im- 
mediate Power at Weddings; yet as they were the conftant Companions 
of the Goddefs VenuSy I lhall fay two or three Words concerning them. 

They were reprefented by three beautiful young Women, holding each 
other by the Hand in fuch a Manner, that you faw only the back Part 
of the Firft, a Profil of the Second, and the Third turned her full 
Face towards you. Seneca explains this various Polition of the Graces 
after a very Rational Manner in his Book of Benejifs. Why (fays he) are 
the three Graces faid to be three Sifters, and, why are they Hand in 
Hand ? Some will have it. That the Firft is flie who confers Benefits; 
the Second, Ihe who receives them ; and the Third, {he who returns 
them; for it is certain that one good Action begets another ; one Fa- 
vour, draws Thanks after it, and a grateful Return of another Favour; 
and thus between Beneficence and Gratitude, you have a perpetual Cir- 
cle of good Offices and Favours, reciprocally beftowed and returned. 

They have always gay fmiling Countenances, to teach us. That he 
who either gives or merits a Benefit, ought to be always in good Hu- 
mour, and diftinguilhed by a ferene Afpe<5t, and particularly the Perfon 
who receives the Favour; becaufe it is he alone that reaps the agreeable 
Fruit of Gratitude and Acknowledgment. They Were young ; becaufe 
the Remembrance of good Offices ought never to wax old, or decay ; 
and becaufe they are always entire, difinterefted, free from the fordid 
Views of Gain, or Expedation of a Return. They were pidlured nak- 
«d, to (hew their Liberality and Sincerity ; and Were fofiletimes drefled 
Ml {hining or tranfparent Robes, to remind us. That Favours and Bene- 
fits can never be concealed; but come to light fooner or later, to the great 
Honour of the Benefador. Amongft 
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Amongft thefe Divinities you may likewife allow a Place to Bacchus, 
who alone of all the Gods was admitted into Feafts and Weddings, 
where he moft commonly prefided, as may be gathered from thefe Ver- 
fes in Virgil Mn, I. bur we fhall fpeak more at large of him in his proper 
Rank. 

Hum latum ’Tyriifque diem Trojaque profeBis 
EJfe melts, nojirofque hujus meminijfe minor es. 

Adjit latitia Bacchus dafor, & bona Juno. 

In Englijhi 

So may the T^rojan and the Tyrian Line, 

In lafting Concord from this Day combine ; 

Thou, Bacchus, God of Joys and Friendly Cheer, 

And gracious Juno, both be prcfent here. Dryden. 

Here I might introduce Priapus and Flora as Deities, which former- 
ly aflifted at Nuptials amongft the Ancients j did not common Decency 
reftrain my Pen, and prevent me from putting my Reader to the Un- 
eafinefs of a Blufh. And therefore, thofe who would know any Thing 
particularly relating to them, may confult others, who will inform them 
in what Pofture and Fafliion the Ancients reprefented them. However, 
that I may not conceal any thing from you, that Modefty will fuffer 
me to communicate : They pictured Flora a Nymph crowned with 
Flowers, of a comely, genteel Mecn, and of a plcafant wanton Coun- 
tenance. Thofe who would know any farther, may have recourfe to 
Pier. V alerianus his Hieroglyphics j to And. Alciaf% Emblems, and to 
the Genial Hays of Alexander Alexandrians, where they may be fiir- 
niflied with a vaft Number of fine Hints for all Sorts of Fire-Works. I 
think it is now Time for me, to touch upon Fire-Fountains, which may 
be exhibited upon all Occafions, if the Pyrobolijl thinks fit. 

Whatever Engineers reprefent in Water-Works by Jets, varloufly dif- 
pofed and contrived, may be exactly imitated in Fire-Works, as we fhall 
hereafter evince. All thofe Artificial Fountains, whofe Name and In- 
vention we borrow from the Italians, may be very eafily contrived to 
hold a Quantity of Artificial Fires ; which may be play’d off in fuch 
Variety and Redundance, as to excite the Admiration of the Spectators. 
Thefe will be the more flirprizing and pleafing to the Eye, the more 
they are difguifed, and the nearer they approach to a Refemblance of 
real Fountains for playing of Water ; and by a little Induftry and Art 
you may fo order Matters, as to render it impoflible for any one to guefs 
by their outward Appearance, whether they be defigned for Fire or 
Water : Therefore to carry on the Fraud the more fpecioufly, you may 
fill fome of the Bafons of your Fountain or Fountains with frelh Water, 

which 
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which may be thrown up by condenfed Air, if your Fountain be fmall, 
or by a convenient neighbouring Fall of Water, if it be large j this may 
be done the more effe<ftually to deceive the People, and to make them 
believe, that what they fee is a real Fountain for Water. 

Now in this Article, the Fyroboliji will have an Opportunity of dif- 
playing his Judgment, by adapting his Statues and Figures to the Nature 
of thefe Hydraulic Imitations, As for Example, he may repreient a 
Neptune drawn by Sea-Horfes; a naked Arethufa recumbent; Nymphs 
and Nereids fwimming and floating upon the Surface of the Water, and 
playing with Sea-Monflers. Amongft other Things, Helle may appear 
upon a Ram, a Siren upon a Dolphin, and Europa upon a Bull ; a naked 
Naiad, and the Story of Afiaon, who furprized Diana and her Nymphs 
when they were bathing themfelves ; or that of “Jonas, who was thrown 
upon the Sea-fliore by a Whale ; and feveral other delightful Decora- 
tions which may be borrowed from ancient Story, whether Sacred or 
Prophane. I Ihall hereafter fpecify in the moft particular Manner, I;. »w 
all this is to be conftruded. But tho’ it might be necefiary, that I iliould 
here (at leafl; curforily) touch upon the feveral Articles relating to Nup- 
tial and Genethlian Fires, I (hall defift, as apprehending that thofe, 
whofe Genius is never fo little Inventive, may form a thoufand fine Pie- 
ces from the Hints I have above-given, which may equally furprize the 
Ear, and aftonilh the Eye. Let us now confider the fourth and laft Sort 
of Occafions, to which Fire-Works may be properly applied. 

And this is, when Friends meet together to enjoy themfelves over 
their Cups, and in Scenes of Jollity and Mirth. I fancy, I need not in- 
form you that Bacchus ordinarily prelides over all fuch Occurrences, and 
that it is he, that bears the Bell away from all the other Divinities that 
might be introduced. 

Therefore mu ft we in fuch Cafes eredt Statues to this Jovial God, 
and all his revelling Train j whom we lhall here delineate to you from 
the fame Authorities we have all along refbrted to, for the Generation 
and Defcription of the other Deities here mentioned. I (hall begin with 
this toping God himfelf, and colledt the beft Account I can of him, for 
the Inftrudtion of our Fyroboliji. 

Bacchus, according to the Teftimony of Diodorus J-, was the Son of 
Jupiter and Semele, and was bred up by Nymphs in the Grotto of Nyfa, 
between the Nile and Fhcenicia, from whence he was ftyled Dionyfius. 
He was called Bacchus, from a certain Crown or Garland which he 
wore on his Head, and which was compofed of Berries; or elfe (per- 
haps) from the Word Bacchari, which fignified the Shouts and Cla- 
mour made by thpfc who celebrated his Feafts. He was fometimes 
ftyled the Liber Fater ; becaufe he gives the free and unlimited Ufe of 
the Tongue ; or becaufe he frees from Trouble, and blots out the Re- 
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membraoce of Misfortunes and Miseries in thofc who are his hearty De- 
votees. Scar Ovid, 

Cura fugit, multo diluiturque mero^ 

*I’unc veniunt rijuft tunc pauper cornua fumit^ 

*Tunc dolor & cura rugaque frontis abit. 

In Englijb : 

Full Bowls dilpcl all Care, and Joy afford ; 

Then enters Mirth ; the Beggar grows a Lord ; 

Then far away are banifh’d Griefs and Fears ; 

No thoughtful Wrinkle in the Face appears. 

But Aufomus has in a more particular Manner traced up his Genealo- 
gy, his Appellations and Attributes, in Epigr. XXVL 

Ogygta me Bacchum vocat. 

Ofyrim Mgyptus putat, 

Myjia Phanacen nominant, 

Dionylbua Jndi exijlimant. 

Eomana Jacra Liberum. 

,Ajrabica gens Adoneumu 
JjUcamacuSi Pantheum. 

In Englijh to this Purpofe : 

B’ Ogygia Bacchus I am deem’d. 

By ^gypt OJiris efteem’d. 

The Myftae call me Pbanaces. 

The Indians fay Vm Dior^s'. 

Th’ Adonis of Arabia. 

The Pantb'us of Lucania. 

Me Rome, her Liber Pater claims. 

To each a God, tho’ call’d by diflf’renc Names. 

Here is a fine parcel of Names of very different Signification; and 
you may make him appear under the feveral Charad^ers above-exprefi^ 
in your Artificial Works. 

It is the univerfal Opinion, that he was the Inventor of Wine, and 
that he was the firff who cultivated the Grape ; whence ^TdbuUushys, 
BookVi.Eleg.lll. 

At tu Bacebetener jucundee confitar uva. 

In 
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In Englijh : 

But thou O gentle Bacchus^ Planter oF the Grape. 

Macrobius deferibes the linage of Batebus to this EfFedl *. •f* The Liber 
Pater ‘was reprefented as of an Age between Puerility and Virility ; and 
fometimes with a Beard as an old Man, On his Head he wore a Wreath 
or ^ Vine-Leaves, Fig-Leaves or Ivy : Vine-Leaves and Fig- 

Leaves in Cofnmemoration of the Nymphs Staphila and Syca, and Ivy in 
Remembrance of the Boy Ciffus, •who was turned into that Plant, He was 
fometimes drawn in a Car full of Vine-Branches^ by Panthers^ Tygers, or 
Linces, On one Side of him^ you faw the good old Man Silenus mounted 
upon an Af attended by a great Number ^Satyrs armed with Thyrh, and 
the reji oj i'hi Bacchantes proceeding In a diforderly March before and be- 
hind him. 

He was fome- imes pidlured with the Breafts of a Woman, and with 
Horns and a Wreatli of Vine upon his Head; mounted upon a Tyger ; 
and bearing in his Right-hand a Bunch of Grapes, and in his Left, a 
great Pitcher to drink out of. Witnefs Albric. de Jmaginibus Deorum. 

He was Naked, to exprefs the Nature of Wine which can keep no- 
thing a Secret. 

And they mounted him upon a Tyger, to hgniiy, That every Thing 
may be fubdued by the Power of Wine. 

Some fay, he put Lycurgus to Death j meaning thereby. That Laws 
become ineffedual in fuch Republics, as are immoderately addicted to 
drinking. 

Hempferus tells us. That Bacchus was alfo a Soldier, and that he 
made great Conquefts in India. He writes thus : The Thyrfus of Bac- 
chus was a Spear twined round with Ivy\ which bis Army borCy when he 
led them to War againji the unpolijhed Indians. 

His Feafts or Revels were always celebrated in the Night-Time with 
lighted Torches, as we have obferved above. 

The Companions of BacebuSy and thofe who made up the greateft' 
part of his Train, were the Sileniy the SatyrSy the Bacchay the Baffari- 
deSy the LeneCy the ThyadeSy the MimalloneSy the NaiadSy the Tityrty 
the Nymphs and Faunes. 

Silenus y the Fofter-Father of Bacchusy was pidured as an old Man 
with a bald Head, and mounted upon an Afs : Giving us to underftand 
by the doleful Equipage of this Man, That Drunkennels transforms the 
wifeft Perfon into a Brute, and renders the fineft Geniusy and moil com- 
prehenfive Wir, as Rupid as the BcaR on which he rode. Take the fol- 
lowing Defeription of him from Virgil. Ed. VL 
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■■ Chromis & Mnafylus in antro^ 

Silenum pueri fomno videre jacentem ; 

Injiatum hejlerno venas^ ut femper^ laccho. 

Serf a procul tantum capiti delapfa jacebant ; 

Et gran)h attrita pendebat Cantbarus anfa. 

In Englijh : 

Young Chromis and Mnafylus chanc’d to ftray, 

Where (flecping in a Cave) Silenus lay, 

Whofe conllant Cups fly fuming to his Brain, 

And always boil in each extended Vein, 

His trufty Flaggon full of potent Juice 
Was hanging by, worn thin with Age and Ufe. 

Dropp’d from his Head, a Wreath lay on the Ground. Rojcom. 

It is of him that Ovid thus fings, Met. B. IV. 

^ique fenex ferula titubantes ebrius artus 
SuJlinetj G? pando non fortiter haret afello. 

In Englifh : 

His Stafi^ docs hardly keep him on his Legs, 

When mounted on his Afs ; fee how he fwags. 

The fame Author, de Art. Am. Lib. II. 

Ebrius ecce fenex^ pando delapfus afello 

Clamarunt Satyri, furge^ age^ furge pater. 

In Englijh : 

Th’ old Soker’s drunk, from’s Afs h’as got a Fall : 

Roufe Daddy, roufc, again the Satyrs bawl. 

In the Rotnan Games, the Sileni wore long Robes or Mantles wrought 
with feveral Sorts of Flowers. 

The Satyrs were cloathed in Goat-Skins, and had hideous Masks on. 
Faunus by the Latins^ by the Greeks^ Pan^ was the God of Fields 
and Shepherds, and the Son of Mercury. He was piftured of a ruddy 
tanned Complexion; having Horns on his Forehead, and his Breaft 
adorned with Rays. From the Navel downwards, he was all hairy and 
Ihaggy : He had Goat’s Feet, and one of them was crooked. Macrobius 
mentions him Lib. I. Saturn. Cap. XXIII. 



But 




Book V. Of the Great Art of Artillery. 

But to what Purpofe fliould I perplex myfelf any farther, with giving 
an Account of Bacchus and his mad Attendants ? Is it not enough, that 
1 have pointed out to you the Places where you may have your Curbfi- 
ty upon this Head fully fated? Let thole therefore, who have the Lei- 
fure, turn over the Authors I have here quoted : As for me, I (hall 
only give you fome particular Inftrudtions, concerning the Decorum and 
graceful Conne<5lion of our Fire~Machines -j which done, I fliall pro- 
ceed to the Oeconomy and Diflribution of them. 

ADVERTISEMENT I. 

It will be no fmall Ornament to our Pyrotechnical Machines^ if the 
Engineer has Art and Skill enough to introduce the . Orders of Archi- 
te5iure'y whether he would build a Palace, ere6t Triumphal Arches, 
Pyramids, Obelisks, Towers, Columns, or only Parts of them: 

Or if he would prepare Fountains, or any other Pile, which muft be 
regulated by the Rules of Cm/ ArchiteBure. I am therefore of Opi- 
nion, that we fliould raife thefe .Edifices after the Ionic ^ Corintbiany or 
Compojite Order. It muft indeed be allowed, that the Doric Order is 
the moft Mafculine of all j and that it feems in itfelf to be the moil 
proper for Triumphal Arches, Obelisks, Pyramids, and all fuch Pieces 
as are ere<fted in Honour of victorious Chiefs ; but the public Tranfport 
and Joy being boundlefs upon fuch Occafions, it has for the moft 
part been thought, that nothing can be too pompous for the happy Vi- 
ctor : Wherefore thefe Triumphal Works require to be very elaborate} 
TO be decked with all the richeft Ornaments of Sculpture j and to have 
their AfpeCt perfectly magnificent. Things being thus, the Compojite 
Order will anfwcr your Purpofe the beft in all fuch Cafes } for it carries 
with it a fedate Gravity, and an Air of Royalty, together with an in- 
comparable Graceflilnefs j from whence it was, that the Romans had fb 
often Recourfe to it in Triumphal ^Edifices} as may be collected from 
the Arches of Conjiantine and L. Septimius SeveruSy not to mention 
thofe of I’rajan and other Roman Emperors, which Onup. Panvinius has 
remarked, ^ the Number of Fourteen } and which are for the moft part 
entire 2 X 'lkome to this Day. 

Thp Corinthian and Ionic Orders will ferve extremely well for Wed- 
dings arid Birthdays j for they are perfectly delicate, and ( if I may ufe 
the ExprefTion) Effeminate j the Firft of them being compared to a fine 
young Lady richly attired, and the Second to a fober, ref^ed Matron 
in a modeft Garb. Thefe Orders alfo may ferve for Holydays, and in 
the Celebration of Beafons fet apart for Devotion. But by the way, it 
will be pioper that all thefe Works fhould be expofed to public View in 
the Day-time ; for otherwife to what Purpofe would it be, to beftow fo 
much Time, Labour and Coft, upon a Thing which is not to burn a- 
bove a few Minutes, and that at a good Diftance from the Spectators, 
and amidft the Darknefs of Night ? 
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Fcafts «»d Bonquece alfo require the Corinthian Order j for upon 
fweh Occafions every one betrays his Luxury, Vanity and Prodigali^^, 
by all the Superfluities that can be devifed. 

The and moft Ample Orders, will always be beft for 

FcHmtains, fiich as the I'ufcan and Doric intermixed with the Ru~ 

ftici for it is proper, that they ftiould have a rude and grofs Afpedt; 
but upon Occafions which require Ibmething more than Comnion, you 
may beftow what Embclliflixnents you picafe on them always keep- 
ing a flridt Eye upon the Rules of Arcbite5iure, Or at leaft (if they 
Ihould chance to be naked and plain) you may adorn them either with real 
or imitative Rock-work^ according as either of them futes beft with 
your Coovenicncfi. 

ADVERTISEMENT II. 

All your additional Ornaments muft be judicloufly chofen, whether 
they be in Relief or in Painting i fo that there may be no Incon- 
gruity or Diftbnance fubfifting, between the Nature of the Thing cele- 
brated, and the univerfal Conftrudlion of your Machinery. Thus, up- 
on the Inaugurations and Coronations of Kings, you may reprefent Ik- 
cred Emblems and Stories: For Triumphs, Things of Vi<ftorious Im- 
port: For Weddings and Birth-days, you may introduce Scenes of Mirth 
and Gayety, fuch as D^ecs, &c. At Banquets and Caroufals, you may 
reprelimt Fiftions, exprefting the mutual Joy and Carefles between 
Friends. At Coronations, ycaa may adorn your Work with Royal 
Crowns and Scepters: At the Confecrations and Inftallments of Bilhops , 
with Mitres according to their Rank ; with the Armorials of particu- 
lar Provinces and Cities; and with every Thing elfe, that bears Relati- 
on to the Qjwlity of Perfons preferred to any eminent Station in the 
Church. 

As to the Ornaments necellary for Triumphal Works, you may be 
fuflficiendy inftru<fted by ^rajarfs Pillar; which the Roman Senate 
ewfed to be cre6bed in token of their Acknowledgement, and live- 
ly Senfe of the great Merit and Virtue of that Emperor. Geor. Fabri- 
cius deferibes it thus; 'f ^be Column itfelf is crujied over voitb Parian 
Marble* on ^bich art exprejed the great ASHons of Trajan^ and parti- 
cularly the Dacic War. ^here you may fee Reprefentfltions of For- 
trejes^ Btdvsarksy Bridges, and Ships-, together voitb the Fmployments of 
the Army fatwing of Wood -, fome putting the Pieces pf a Building toge- 

ther ^ feme draneing out the Lines for fortifying the Camp\ Pioneers at work 
upon the Trenches \ feme leading their Horfes to Water-, others carrying Tro^ 
pbies, and mareUng as it were in Triumph as alfo C orjlets. Helmets, Shields, 
and Bucklers, Belts, Clarions, Daggers, favelins. Swords, ^tfvers of 
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jirraws, &c. On that Side, cohere the Infcription is 'wrmgbt, there are 
winged Victories accompanied by two Eagles. 

Prudentius fpeakmg of Simmachus, has very naturally de&ribcd the 
Triumphal Arches, and the Ornaments with which they were enriched^ 
in thefe Vcrfcs. 

Fruftra igitur currtts fummo miramur in area 
^adrijugeSy Jiantefque Duces in curribus altis j 
FabricioSy Curios, hi?ic Drufos inde Camilhs, &c. 

By which he gives us to underftand, that the Triumphal Arches were 
adorned with pompous Cars j in which were beheld the Statues of migh- 
ty Chiefs, liich as the Fabricii, Curii, Drufi and Camilli j at whofe 
Feet were Captives feen on bended Knees, and bound with rigid Chains. 

To all this, we might add the feveral Sorts of Military Garlands, or 
the Crowns which we mentioned above j but the Several Sorts of them 
muft be mofl: pertinently adapted to the Sutyefts celebrated j for Exam- 
ple ; after a compleat Viftory detained in the open Field, you may ufe 
Crowns of Laurel ; after the carrying of any Race by Storm, Mural 
Crowns winged : After a fucceftful Combat by Sea, Naval Crowns : 
Wreaths of Oak, for thofe who have prefcrved their Fellow-Citi- 
zens : For a Siege railed. Garlands or Crowns made of the Flowers 
of the Field} and of Olive, for thofe who have reftored Peace to their 
Country. To thefe may be added Fejioons (fo called from the Latin 
’Sbfcx^FeJiimtas, which fignifies Mirth and Pleafantnefs) in token of Joy. 
Now, Fejioons are certain Ornaments compofed of an agreeable AHenj- 
blage of Leaves, Flowers, Blolfoms and Fruits. But you muft take No- 
tice, that in Triumphal Works the Fejioons Ihould be adorned with ve- 
ry few Flowers or Blolfoms ; but muft be enriched principally with 
Fruits, intermixed with Leaves and Branches of Laurel and Ivy : You 
may alfo amongft your other Embellilhments have lingle Branches, and 
Foliages of Laurel and Ivy, Olive and Vine, as it were negligently 4if- 
pofed of} but not at random, and in Places improper for them. 

Upon Sacred Occalions you may exhibit Cherubims, Palms, Pome- 
granates, Crofles, Stars, and Divine Emblems, reprefentjng Holy My- 
fteries } thereby to touch the Hearts of the Spe^ators, and beget in 
diem Emotions of Piety. 

The Ornaments and Embellilhments proper for Machines ereded for 
Weddings and Birth-days, &c. are Garlands of Rofes, Lillies, Violets, 
and other Flowers } together with feveral Sorts of’ Fruits, fuch as Ap- 
ples, Pears, Grapes of all Kinds, Plumbs, Olives, Medlars, Dates, Ci- 
trons, Lemons, Oranges, Pomegranates, Qmnccs, Melons, Cucum- 
bers, and a thouland other Fruits } all which may be bound together 
in Fejioons, interfperfed with Leaves or Branches of Olive and Vine. 
Thefe will have a moft beautiful Effeft in your Pyrotecbnical W 7rks. 

You 
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You may have alfo little Birds curioufly wrought, and perching upon 
Branches of Palm, or Bunches of Grapes } together with Horns of 
Plenty, Ears of Corn, Sheaves of Wheat and Rye, &c. Again; at 
Feafts and Caroufals, you may either paint or carve in Reliefs Cups, 
Goblets, Flasks, Bottles, Flagons, Barrels, Tuns, Dilhes of Meat,/Baf- 
kets and Voiders full of Sweetmeats, Plates, Knives, and all the necef- 
fary Furniture of a Table; as alfo Mufical Inftruments, (viz.) Cit- 
terns, Guittars, Violins, Bafs-Viols, Flutes, Cornets, Hautboies, &c. 
Upon the Celebration of Marriages, you may particularly introduce the 
Arms of the Bride and Bridegroom, which may be fixed upon the 
Frieze, (if your Piece be compofcd of Pillars) or upon the Shafts of 
the Pillars themfelves, fet off all round with Flowers, Foliages and 
Ribbons. As for the Art of making the Names of the married Couple 
appear in Fiery Charafters in the Air, you may turn back to what I 
faid in the JirJi Part of Rook IV. upon this Subjed. 

Your Fountains (hall be adorned with all Sorts of Shells, and Stones 
of variety of Colours, little pieces of Rock-Work, glittering or tranfpa- 
rent Stones .and Pebbles, one and the other Coral, Splinters of Marble, 
and a thoufand Things of that Nature, whether Natural or Artificial. 
To thefe you may add Reptiles and Inleds of all Sorts, (viz) Toads, 
Frogs, Serpents, Snakes, Lizards, Vipers, Grafs-hoppers, Beetles, Flies, 
Ants, Crickets, Bees, Spiders, Snails, Horfe-leeches, Cray-fiih, and an 
infinite Number of other Creatures, which naturally haunt the Water, 
amongft which may be interfperfed the feveral Sorts of Aquatic Herbs ; 
together with the open Jaws of Lions and Bears. You may alfo repre- 
fent feveral Animals, fuch as Hedge-hogs, Weafels, Rats, Rabbits, 
Hares, &c. together with Birds of amphibious Nature, fuch as Geefe, 
Ducks, Teal, Storks, Swans, Swallows, &c. 

ADVERTISEMENT III. 

The Garb or Drefs of your Human Statues lhall be chofen from the 
oldeft Faftiions that can be taken from the Monuments of Antiquity ; 
for it mull be allowed, that nothing pleafes the Eye more, than the fe- 
veral Habits which were the Mode amongft the ancient Romans^ &c. 
(viz) the '^oga, Sagum^ Pratexta^ 'Trabea^ Paludamentum^ &c. all 
which are ftill vilible in what Reliques we have of the ancient Magnifi- 
cence, whether Buildings or Medals. The particular Falhiomand Ufes 
of the abovementioned Habits may be found in Nonius Marcellus^ Ju~ 
flus Lipjius^ Rojinus^ Utmpjierus, and in others. 

You may alfo cloath your Statues in the Skins of the Lion, Tyger, 
Leopard, Linx, Panther, Wolf, Bear, or luch like Bealls of Prey ; in 
Imitation of the Heroes of Antiquity, who dad themfelves in the Spoils 
of thofe ravenous Creatures. 
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To all this, we might add the feveral Sorts of Military Injlruments^ 
which will be the more agreeable, the more they arc conceived in the 
Giiife, and bear the Appearance of rude Antiquity. 

And therefore, I think it would be an ornamental Addition to our 
Works j if we painted or wrought in Reliefs the Funda or Slings, the 
Fujiibuliy Bows, Crofs-Bows, Javelins, Lances, Spears, Partuifans, Pikes, 
Half-pikes, Axes, Pole-axes, Clubs, Swords; add to thefe, Shields; 
Bucklers, Targets, Corflets, Breaft-plates, Cuirafles, Crefts, Gantlets, 
Knee-pieces, and all the Pieces of Armour and Arms, which were in 
Ufe amongft the ancient Romans : You may alfo introduce the old- 
falhioned Fire-Locks, Bows, Arrows, and Quivers ufed by our Forefa- 
thers : All thefe will be very natural Embellifliments, to Statues, Tro- 
phies, Triumphal Arches, &c. In fum, to exprefs much in few Words; 
you muft make it your utmoft Endeavour to cultivate a Variety in all 
your grand Pieces, that you may never cloy your Speftators with an in- 
lipid Repetition : But on the contrary, let your Invention be perpetual- 
ly on the Wing, that you may always have it in your power, to fur^ 
prize them with fomething altogether new, perfedlly natural, and judi- 
cioully underftood : And thus by anticipating, or rather exceeding their 
ExpedationSj you may expeft the public Applaufe in Reward for your 
Elegance and Induftry; for tho’ (as we are told by a conliderable Au- 
thor) Things done in the common Road may often adminifter Pleafure, 
they feldom or never excite the Admiration, 

Of the Oeconomy, dr D'tfiributkn of Artificial Works, tti 
Recreative Pyrotcchnical Machines j and of feveral other 
Things relating to the fame SuhjeB. 

^T^HE Explication of the Thematifm or Decorum^ necedary to be ob- 
ferved in our Pyroteehnical Machinery j has been confiderably more 
prolix than I at firft forcfaw : But I hope to handle the Subjedl now en- 
tered upon, after a more compendious Method ; and that, by means of 
certain fuccind Rules, which I Ihall here lay down for your Inftrudion 
in the Oeconomy and Manual Pradicc of this Branch of our Art* They 
are thus : 

I. 

As foon as the Engineer has conceived a fine Thought for his Pyro- 
technic WorkSy it will be abfolutely nccelTary that he be able to exprels 
it in Drawing; the three Branches of which are Ichnography^ Orthogra- 
phy^ and Scemgraphy. I fay, it will be proper that he be a tolerable 
Matter of De^gn ; or at leaft, that he be able to sketch or crayon a lit- 
tle (as Vitruvius has it) that he may give the Perfon who employs him, 
a View of his intended Work upon Paper. 
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II. 



It will not be enough, that he b^cly know how to sketch out his De- 
fign upon Paper j but it will be proper alfo that he be dextrous enough 
to make Prototypes and Models of it in Wood, Wax, Plafter, Paper, 
or Pafteboard, &c. fo that by this means any Deformities or Irregulari- 
ties may appear obvious, and undergo a futable Corredlion, before he 
begins the Piece itfelf. 

III. 

As Ibon as your Defign is brought to fuch a Point as to meet with Ap- 
probation ; you are in the firll Place to confider the Charge and Ex- 
pence allowed for compleating it ; that you may be able to fquare your 
Work to your Purfe. You are then to treat with Workmen, whofe Af- 
iiftance you may ftand in need of, and contradk with them for their La- 
bour^ and the Materials they are to fiimifli you with. It is here that 
our Engineer will have an Opportunity of difplaying his Honefty, by 
ihewing how faithful and juft a Manager he can be of the Wealth of 
others : And it will be no difficulty for him to acquit hknfelf with Ho- 
nour in this Cafe, if he does not infilt upon fuch Things as arc hard to 
be procured, and conlequently very chargeable j or if he has not his own 
intereft:, and fordid Lucre at Heart; or if with a View of future Prer 
fents from the Workmen, he does not Iquander away what he is cntrufl- 
cd with, and what he will be obliged to render a ftrid: Account of, if 
not in this Life, in the next, 

IV. 

Being entered in good earneft: upon the Work, the Engineer is to 
take particular Care that the Workmen do their Duty to a tittle, and 
that they punctually obferve all the Rules of our Arf^ in the Conflirudli- 
on of Rocket Sy Cr acker Sy &c. to the end that the Whole may redound to 
his Credit, and have an EffeCt worthy of the Expence. 

V. 

The Carpenters fhall firft make the Carkafs or Frame of the whole 
Machine, with Timbers, anfwering to the Proportions -of the Model 
which fhall be given to them: I here fpeak of large jEdificcs, fuch as 
Palaces, Triumphal Arches, Towers and CafHes, for as to Co- 
lumns, Pcdeftals, Fountains, Obelisks, Pyramids, Human Statues, and 
Figures of Beafts ; they all require to be conflrudled after a particular 
Manner. Tho’ the Order we are here Ipeaking of, may be obferved in 
the ConftruClion of fofec of tbefe laft, as ihay be remarked in the Re- 
Fig. i97,prefentation of a Dragon in Fig, 197 aiid fpS. In the firft; of which you 
198. have a Sight of the Bottom-Piece or Foundation of the whole Figure, 
and the other gives you the Form of it, and fhews you the Order and 
Pifppfition of all the Pyrotecbnical Wi>rks withinfkk. But as for grand 
and confiderable Machines, you may perceive ^Fet Orthtgrapby ahd See* 
Fig. 10^. nography of them, in the Rampart ^ aCaftfedift^uifbed by A, in F/jg-. 
ao4. It will be very cafy to credt Towers, whether round or many- 

lided, 




Book V. Of the Great Art of ARTiLLteRy. 

fided. Columns, and Obelisks ( provided they are hot very lai^e ) upon 
the Trunks or Stumps of Trees, or upon great round, or raany-fided 
£lock$ of Timber : Thefe may be ordered much after the fame manner 
with the Cafes or Tubes which we touched upon in the foregoing Chap- 
ter : (Confider the Figure of the Tower Number 204 j the Form of 
which does not vary much jfrom the Cafe deferibed and reprefented in 
Fig. 193.) Now the larger Sorts of thefe muft be built with ftrongFig. 
Beams, Rafters, and Planking, which mufe contain within them a 
good quantity df Cafes of Compofition, and other Artificial Works : 
Add to thefe the ufual Embellifhmcnts, {viz.) Pilafeer^ Paraftata., 
Architraves, Capitals, Pcdeftals, Columns and Pyramids, all which 
may be made of Boards, or at fcall formed of four, or more Spars, per- 
pendicularly erected upon the Angles of the Bafe, or terminating in a 
Point at Top j (which is rnturai to a Pyramid }) after this manner you 
may make the Frames and Carcafles of Parallelopipcds, Polyhedronic 
rPrifms or Pyramids, and then cloath them with waxsed or pieched Cloths, 

<or coat diem over with Pafteboard : Thefe may be filled with one or 
feveral Sorts of Cafes, Sky-Rockets ready flicked, and neatly difpofed 
in the Interftices between the Cafes, and againil the 5 ides of the Pile or 
Machine hfelf. 

Vi. 

ffuman Statues, and Figontes c& Beafts may he ordered two Wa3^s. 

Firfij The Statuary or Carver tiuift icut out the Bodies in Wood with 

their Lineaments and Mufelcs according to the Proportions given to 
him, and according asheistdirecSed, he mull make them cither naked 
<orck>athed. Then taking .them and anointing 'them over with Soap or 
Wax, they muil be coated over with Pulp or Pafle of Paper, kneaded 
Or mixedup with Gkie Watery which Coating fhall be 2 or 3 Lines in 
Subftance. it muft 'then be dried by .a gentle Fire, and . as foon .as the 
Skin or Coat is thoroughly dried, ic diall be divided into two Parts, that 
is, it mnft be cut with a iCnife clofe home to the Wood, on each Side 
■from the Crown of the Ffead to the Soal of the Foot; and thus taking 
•off this Pafteboard Skin you will have die hollow Image of a Man or 
Beaft. In the feveral Cavities of it, >fhail be fixed one or more Cafes of 
Compofition, which mufthc'previDufly fhaped according to theCurva- 
tunss or Flexions of the.Boity, and well re-inforced or wouldcd tofe- 
cure rhem*from fiyii^ abroad, or fplitting by the Violence of the Fire, 
before they have perfocmeti their due Effe<fts ; and it will be proper to 
hx them upon .feme firm Support, that they may be immoveable ; which 
done, they muft be hid in ihevbcfore-»fpokcn*of Paper Skin.; taking Care 
to pafte the Joints and Crevifes very fubftantially together. 

There are thofe who only inclofc one Cafe within >the Body or*Skin, 
as may be obfcrved in the Statue of F 9 rtwie\x\.Pig. .i2XS2.. But there are Fig. 
ethers, who dextroufly fill the -Arms, Legs, Thighs, Hands and Feet 
'Hvidi timing JlocietSy or CradJters^ or Cafes of curioufly 
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difpofcd of, and having Communication with each other by little Trains 
or Fuzes, fo that they fucceflively confume one after another. The 
Contrivance of this may be clearly obferved in the Statue of Bacchus in 
rig. 200, Fig, 200 : But I muft here remind you that the whole muft be fixed 
upon a folid Foundation, fo as to be immoveable, and not be in a tot- 
tering Situation : Wherefore it will be farther necefiary, that the Neck, 
Arms, Reins, Thighs, and Legs ftiould be re-inforced with Iron Plates, 
or Rods, bent and turned, fo as to humour and fit the feveral Angles 
and Flexions of the Body, according as the whole Frame of it leans 
more or lefs, and according as the Limbs are more or lefs contradted or 
ftretched out. In fliorr, the whole Infide of the Body muft be ftrength- 
ned with Iron Plates or Rods, if it happens to lean either Forwards or 
Backwards, to the Right or the Left. Now as to the Method of find- 
ing the Openings of the feveral Angles formed by the various Flexions 
and Curvatures of the Body, you may eafily have them by the Affift- 
ance of a folding Rule, fuch as Carpenters and other Workmen ufe j 
which Rule is in its general Conftrudlion very much like a SeStor^ which 
alfo may ferve you for the fame Purpofe. 

The fecond Way of forming Statues is thus : According to the Size 
or Form of the intended Body, they with a Number of fuch Cartouches 
Fig. 1S9. or Boxes I gave in Fig, 189, make the one half of the Statue j that is, 
that Part which comprehends the Breaft, the Back, the Belly, and others 
of the Inferior Members. . Then with Boxes or Cafes of fmaller Sizes, 
they form the Neck, the Head, the Arms, the Thighs, the Hands, the 
Feet, and all the Extremities of the Body; bending and fafliioning 
them at pleafure upon Wooden Balls filled with a Jlow Compofition^ and 
piercing them, in two Places, juft as the Fold or Curvature of the Limb 
requires : Into thefe little Borings they ftick little Fuzes to give Admif- 
fion to the Fire as faft as the Balls conceive it. All thefe Articles and 
Circumftances being duly obferved, and cultivated, the Statue is co- 
vered over with fome Cloathing of Cloth, or Canvaft, or Silk, or (if you 
will) Paper, cut out, fewed together, coloured, and diverfified, juft as 
the Engineer ftiall think proper. To the Head of it, is added a Pafte-. 
board Mask, and Shooes, and Gloves of the fame, are put upon its Hands 
and Feet j in ftiort, they endeavour as much as poffible, that none of 
the Infide may appear in Sight. The Head of the Figure is commonly 
a Ball filled with Jlow Compofition-j which Ball is fometimes bored in fe- 
veral Places, and cfpecially when they would have a fmall Fire Rainy or 
long Rays to dart forth as from Running Balls, This I have rcprefented 
Fig. 202. to you in the Ball upon which the Statue of Fortune is fixed in Fig. 
202. 

But I muft here ftridtly caution our Pyroboliji to take the utmoft Care 
in joining and aftembling the feveral Members of the Body, that they 
may be in no danger of being difperfed by the Violence of the Fire, and 
that the firft that are enkindled may not tear away thofe which have 

not 
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not yet been confunied ; for otherwife your Work will have a far other 
EiFed than you cxpeded. 

VII. 

Whatever Animals you would reprefent, (hall be cloathed in their 
own natural Skins, that approaching thereby the nearer to Nature, 
they may the better and more effedually deceive the Spedators. How- 
ever j it will be in the firft Place neceflary, that you (hould cut thcfe 
Skins to pieces, and few them flightly together again with wide Stitches; 
to the end, that when the Artificial Fires inclofed in them would fly 
out, they may meet with no Obllacle of fufficient Force to retard, di- 
vert their Courfe, or repel them ; but that with an Adion free as Air, 
they may purfue their Effeds, and burn and depart without the leaft Re- 
ftraint or Oppofition. The fame Thing is to be underftood of the 
Cloathings of Human Figures, be they made of what they will, whe- 
ther Silk or Cloth, particularly if your Fires are fo difpofed with- 
infidc as not only to rife up or burn out perpendicularly, but alfo ob- 
liquely to the Eight and Left. 

VIII. 
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Water-Globes mull: in like manner be covered over with Scales of Filh, 
and the Plumage of Water-Fowl. 

IX. 

The Coverings of Palaces, Triumphal Arches, Towers, &c. if they 
confift of Planks or Boards (aft6r having been garnilhed withinfide with 
feveral Sorts of Cafes of Compojition, and other Pyrotechnical Works) mult 
be armed on the Outfide with Iron, or Paper Crackers^ for which rea- 
fon you lhall make little Grooves or Channels in the Interior Surface of 
your Planks, &c. in which you may lay Trains of ^ick-Match^ or of 
ibme Compojitiony and fix Crackers upon them after the manner I taught 
you above, when I treated of Shields and Bucklers, and in the lame Or- 
der, as may be obferved in Figures 200, 202 and 204, by the Letters B, Fig. zoo, 
CandF. 



X. 

To give you a general Rule for your Inltrudion in the Beauty and 
manual Pradice of this Arf^ I can orily tell you ; That every Part either 
within or without your Machine, or that is in any wife dependent up- 
on it, muftbe compofed of fome Kind o^ Fire-Work: Wherefore all 
the Beams, Rafters, Tranfums, Planks and Boards; Capitals of Co- 
lumns (if there be any) the Farajiata^ the Lifts, the Flutes, Cornices, 
Friezes, Architraves, Modillions, Dentils, Trygliphs, Drops, Metbps; 
in Ihort, the Plinths, Pedeftals, Apophyges, Bafes, and all the Enrich- 
ments and Decorations, fuch as Wreaths or Garlands, Foliages, Fe- 
ftoons. Fruitages, Leaves, Flowers, Antics, Coat-Armours, Shields, &c, 
inuft all confift either of Crackers^ Stars^ Sparks^ Rockets of all Sorts, or 
of little Hobbits charged witli the various Kinds of Fire-Balls. As for 
the Manner of conftruding Bafons with their Pedeftals, and the Me- 
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thoH of ordering the Steps of Fountains, and garnifhing them with 
Rockets or Crackers ; it may be eaiily learned from the Figures dlftin- 
guiftied by C and D, 

XL 

You muft fix fome of your Iron Crackers obliquely, and others per- 
pendicularly to the Horizon, but their Vents or Fuzes fliuft be turned 
fome Upwards, and others Downwards j fome to the Right, and others 
to the L«fc : Thus will they be alternately and diverfly difpofed. You 
muR take particular Care, that your double and triple Crackers be all 
fixed perpendicularly to the Horizon. 

XIL 

Now as no particular Sett of Things meets with Approbation from all 
Sorts of People ; and fmee what pleafes one difgufts another ; and in 
Confideration that our Works are not defigned to adminifter Pleafure to 
a few Perfons only ; but are to undergo the rigorous Scrutiny and Exa- 
mination of a Multitude, whole Taftes it will be neceflary for our Fy- 
rotecbnician to confult (provided that the Bulk of his Spectators are of 
fufficient Capacity, to judge aright of his Workj for otherwife it would 
be better to plcafe a few Perfons of found Senfe and Knowledge than 
thoufands of the Ignorant and Vulgar.) I fay, thefe Things confidered ; 
it will be very proper to intermix your Crackers with Rockets of fcveral 
Sorts, and other Pyrotechnical Inventions, which from time to time, and 
at futablc Intervals, may depart, fly up, and perform the ElFeCls natural 
to them, thereby to incre^e the Diverfion, and avoid Scandal. Far- 
therraore, if the Engineer thinks proper, or if it be the Will of the 
Perfon or Perfons he is employed by, to have feveral Fires break out at 
once, and to have the Difchargc of Crackers more frequent than is cu- 
ftomary j there (hall be a good Number of Vents made in feveral Parts 
of the Machine, through which the Fire may be introduced whenever 
you pleafe into the Works contained in the Body of the Fabric : For 
there are thole who ufually make but one Vent, and that, upon the 
Top of the whole Pile; by which means the whole Body of it is con- 
fumed fucceflively, and by Degrees : But this mull be left to the Engi- 
tieer* This way of giving Fire to our Machines, mull be owned to be 
very Artificial ; but the other is more certain and Icfs dangerous, 

XIII. 

Fires of various Colours are held in great Elleem with regard to 
thefe Works j as if, for Example, you would reprefent a Rainbow, an 
Infernal or Gloomy Fire, Water, Stars, and luch like: But having han- 
dled this when we fpoke of Sky-Rockets, our Pyrotechnician may turn 
back to that Part of our W ^rk, where he will meet with fufficient In- 
llrudion upon this Head. Again ; you mull contrive to have imitative 
Lightning, or fome extraordinary Flalhes or Glares, which will vanilh 
as loon as feen. This may be eafily done with a little yellow Amber or 
Colophone, Gum funifer or Ship Pitch well pulverized or mealed. 

XIV. If 
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XIV. 

^ If the Efigineer by his Artificial Fountains would rcprcfent a Crofs, 

a Star, a fmall Rain, a Rainbow, or any Thing elfe of that Nature, 
he muft get Clay Pipes made; (for our Compofitions^ however fio-jo they 
may be, will melt any fort of Metal by means of the Sulphur, Salt- 
peter, and other hot and violent Ingredients they are compounded of ;) 
thcfe Pipes may be made after the fame Form and Faihion, as when 
,i applied by Water-Engineers to perform the like Effects. They ftiall be 

made with a wide hollow Foot at Bottom, that they may conveniently 
Hop up or cover the Orifices of Cafes or Globes: The Cotnpofitions thele 
are filled with muft be very fifrw, and mixed with certain Portions of 
Things which produce Fires of various Colours, and Sparks in abun- 
dance. Again, all the Pipes faftiioned after the Manner \^^ have here 
fpecified, muft be alfo filled with as much of the fame Compofitions as 
they can contain. 

XV. 

The utmoft Diligence muft be applied in conducting the Trains, in 
fixing and adjufting the Rockets and Crackers, and in the difpofing of 
t all the other Works ; in which confifts the whole Beauty of the Fabric, 

and in the Execution of thefe Articles the Engineer will have an Op- 
portunity of dilplaying his Skill; in ftiort, it is upon his prudent Ma- 
nagement of thefe Circumftances that his Welfare and Life depend; 
and not only his own, but thofc alfo of his Workmen and Spectators ’ 

For to fay the plain truth of the matter, I have feen many Fire-works ; 

! but Few, that fucceeded fo well as might be wiftied ; becaufe the great- 

eft Part of them catching univerfally and inftantly in a Blaze^ have 
fometimes been the Deadi of feveral, and fpoiled many unfortunate 
Perfons, who (far from expecting foch calamitous Accidents) came to 
be diverted. Now the induftrious Pyrohblifi will avoid the Danger of 
thefe fo-much-to-be-dreaded Difafters, if he be particularly cautious to 
’ fill all his little Pipes, Fuzes, or Trains of Communication, with a 

I Compofition whofe Sloth he has been affured of, by repeated Experi- 

ments. I approve perf^ly well of ^ick-Matcb, that has been through- 
ly dried and duly wrought ; and this I advance from my own Experi- 
ence, having often ufed it myfelf with Succefs : But whether you pre- 
1 for ^ick Match, or whether you think that Slsm Compofition^ will an- 

fwer your Purpofe the beft; I fay, which foeVer of them you 
choofe, it (hall be laid in Channels or Pipes of Copper: For if they 
be made of Wood th^ arc prefcntly burnt, or elfe they fplit ; if they 
be made or lined with Lead, they melt with the Icaft Heat; if made of 
Iron they inftantly grow Red-hot, and fet fire to the wooden Work, 

Cloth, Paper* ^c. and thereby ruin your whole Undertaking; but Cop- 
per Tubes or Pipes are exempt from all the abovementioned Accidents, 

* from the natural Hardnefe, or Solidity of their Metal. Thefe Pipes or 

I Tubes fhaU be well reinforced with the Sinews of Beafts fteeped in 

I Glue* 
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Glue, in which has been previoufly dilTolved a little Allum Plume, 
All thefe Pipes muft be laid in Grooves wrought in the Wooden-work 
of the Machine, or they may be fixed naked from one Fire to anor 
ther. 

The Jundlures or Joints of them muft be well luted with Clay, or 
elfe faftned together with Sinews well lleeped in Glue, fo that the Fire may 
have no Excurfion through them. Again j you muft make feveral 
Vents or breathing Holes through which the Fire may correfpond with 
the outward Air^ for if it be kept clofe it will either be fuffocated, or 
burft the Pipe which confines it. All thefe Vents Ihall be made with 
fuch Care and Exadtnefs, that they may not only let out the Fire clear of 
the other Works, but alfo (if they are hid in the Planking, or if they 
.are fixed on. the Outfide) fet fire to the Rockets and Crackers^ inconfide- 
xation that feveral other Parts of the Machine will be confumed whilft 
the Rockets and Crackers are difmifled and difcharged: But however as 
thele Vents will not be fufficicnt to let out the Filth generated from the 
Smoke and impure Particles of your Compojition or your ^ick-match^ 
which will clog up the Train-Pipes (if we may fo call them) you may 
at convenient Diftances make Spouts, Gutters, or pretty large Aper- 
tures, through which all the Faces may be difcharged, and at the fame 
time give Admiftion to the Air: here alfo you muft take care that 
the Fiery Filth thus expelled, does not interfere with any of your o- 
ther Fireworks, but that it may be carried clear off by pretty long 
Spouts. 

Above all Things you muft be cautious not to fuffer any Match or 
Fire near your Machine, that you may not be liable to fuch Difafters 
as might arile from their Proximity. Upon the whole I apprehend, that 
I need not trouble myfelf with giving you particular InftrudHons for con- 
ducting your Trains or Fuzes j and indeed no particular Rule can be 
Jaid down to guide you in it j becaufe of the Variety of Poftures, Si- 
tuations, and Contrivances of our Pieces of Machinery. It is to be 
hoped that whofoever attempts any Performances in this Ticklifli Art, 
•will by a due attention to the Rules with which we have furnilhed 
him in this Work, be able to avoid all Blunders and Miftakes j add to 
which, that our Pyrotechnic Novice may gather fufficient Direction in 
this Matter from the Orthographic and Scenographic Figures which we 
have with fo much Care and Induftry traced out. 

XVI. 

The laft Thing I would recommend to you is, fo to contrive, as to 
have none but fober, confiderate, and virtuous Men concerned in 
carrying on the Work under you j and never to admit any vile, prophane 
Men into your Service: For fince we muft not hope for Succefs in 
our moft trivial and minute Undertakings without the Concurrence of 
Heaven j you may readily imagine. That you will ftand in the great- 
eft need of xh& CeleJiial ProtcSiion^ when encompaffed on all Sides 

with 
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with extraordinary Dangers, as all thofe are, who make Profcflion of 
our Art\ And therefore ought you to have a continual Eye upon 
Heaven, and to depend upon God for your Safeguard and Procedlion ; 
and endeavour to render yourfelf a deferving Objedt of his Mercy and 
Paternal Care : For the accidental Shock of two Stones, the hafty At- 
trition of two Strings, nay the very impetuous Rubbing together of 
two Straws, may be the Death of you, when bufied in fuch perilous 
Occupations. 

What I have farther to fay here, is addrefled to the Smiths, Car- 
penters, Brafiers, Joiners, Turners, Mafons, Carvers, Plallerers, Pain- 
ters, and the whole Tribe of Workmen, whofe Affiftance is required 
in compleating our Pyrotechnic Fabrics. To thefe I muft recommend j 
as they all adt in Subordination to the Fire-Engineer, That they endea- 
vour to pleafe him and do him Juftice, by obferving to execute all his 
Orders and Diredtions. In fhort, the Engineer ought to be a perfedt 
Judge of the Capacity of his Workmen, and the Value of their Work 
when done, and confequently know how to accept the Good, and re- 
jedt the Bad j for whatever Misfortunes happen, they will all be imputed 
to him, and not to the Workmen he employed ; and on the other Hand, 
all the Applaufe refuking from the Succefsfol Conftrudlion of the whole 
Fabric will fall to his Share. Thus mull: he expedl to fuffer all the 
Blame if his Work demerits it, or to bear away all the Praife if it de- 
fer ves Approbation. 

And now having fet the laft Hand to our Recreative Fireworks, after a 
pretty Long Differtation on them, (perhaps more fo than fome could 
have wilhed) I fliall proceed to the Second Part of this Book, in which 
I fliall entertain you with Artificial Military Fires. 
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PART II. of this BOOK. 

Which Treats of 

Serious or Military Fireworks, 

Whether Ftxedj or ProjeBile. 



CHAP. L 

Qj Fire Ollae or Pots of all Sorts, Powder Flasks, Bottles, 

Chcfts, 

F all the Pyrotechnic Defenfioe Worh^ with which I propofe 
to entertain you, in the Second Fart of this Fifth Book', I 
fhall firft prefent you with the feveral Sorts of Fire-Fots, 
Flasks j Bottles^ and Chefs, &c. Thefe I Ihall begin with ; 
becaufc they are more limple in their Conftrudlion, than the other 
Things which are to follow themj and I fhall reduce them within the 
Bounds of this Chapter, becaufe they are in general prepared after one 
Way, faving fome Particulars which are peculiar to each of them a- 
parr, which Diverfity becomes natural or neceffary to them from the 
Variety of their Figures and Si 2 es. I fhall then inflrudb you in the 
Icveral Methods of filling charging three certain fmall VclTels. 

METHOD I. 

In the Firft Place Pour finely mealed into fome Vefiel, 

till one Third of it be filled j which done, fill it up to the Brim with 
good Corn Powder, and cover it with ftrong Paper, or a wooden Lid 
and over that with a pitched Cloth. You are to tye on Ends of Match 
to the Neck and Ears or Handles of your Pot, if it be made of Clay, 
20C. as you may obferve in Fig, 206, Your Veffel being thus ordered, and 

having 
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having lighted the Match at both Ends, it fliall be thrown amongft the 
Enemy from fome Eminence j as for Example, from the Top of a Ram- 
part, or a V/all ; or from tl:ie BaJUG 7 is of any Fortrefs into the Fofse or 
Mont^ or to any of the neareft Places if it be delivered by Hand : But 
it muft be projected from proper Machines^ if you would fend it to Di- 
ftances, fuch as the Lines or Works of the Enemy. On the other fide, 
thefe Vefiels may be thrown by the Befiegers into the Place befieged; 
and they may likewife ferve in Sea Fights, with great Difadvantage to 
the Enemy and their Ships ; for as foon as thefe fall upon a Ship’s Deck* 
or meet with any hard Subftance, they will never fail to break and fly 
in Pieces j upon which the Powder will be fpilt, and fcattcrcd abroad* 
and the Match falling amongll it, it cannot avoid jiccenjion^^ 
and will accordingly break out with fo terrible a Flafli, as muft fpoil 
and deftroy many of the Enemy, and perhaps burn the Shipitfelf: 
Not only that ; but the Powder thus taking Fire it will at the fame time 
blow up the mealed ^ick-Lime^ which rifing like a Cloud of Dull, 
will be infupportable to thofe who are wrapp’d up in it. Sometimes in- 
ftead of S^uick-Lime you may ufe the Alhes of Oak or Elm, provi- 
ded they arc well fearced and reduced to an impalpable Meal. 




METHOD II. 

Sometimes they prepare Vefiels either of Glafs or Earth with long 
Necks, (the Hollow of which is about an Inch in Diameter,) and bear- 
ing a near Refemblancc to xh^MatrajfeSy Retorts^ and fuch like V^cls in 
ufe with Chymijls: The Body or Belly of thefe is filled with Corn Pow- 
dery to which are added certain Portions of Mercury SublimaiCy and 
Bole-Armoniac : Sometimes alfo it is interlperfed with Scraps of Iron. 

The long Neck is to be filled with a Slow Compojition : which being 
fired you may throw thefe Vefiels where you pleafe. 

METHOD III. 

If it happens that the Veflel is pretty large, and has a wide Mouth ; 
for example, of 3 or 4 Inches in Breadth, or thereabouts; your Corn Pow- 
der lhall be interfperfed with CrackerSy either finglc, double, or far- 
ther multiplied as you lhall think proper : Or inftead of them. Hand 
Grenada's without Fuzes, and only filled quite up to the Vent with 
Corn Powder, The Vefiels No. 206 Ihew you both the one and the o- F'g- 2o<5. 
thcr of thefe ; whereof the Firft diftinguiflied by A has Hand-Gre- 
naddsy the Second by B, has Iron Crackers, 



METHOD 
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METHOD IV. 

There are thofe who fill thefe Veflels with very violent Compofitions^ 
and fuch as are fo obftinately outrageous as not to be fufFocared by any 
Means. We have already given you fome Compojitions of this Nature. 
Thofe which we 9rdered ioxFire Rain may ferve this Purpofe very well; 
but particularly fuch as we communicated for making the Grecian Fire^y 
for that was inclofed in fuch VelTels as thefe, as we have elfewhere 
Ihewn. However, notwithftanding the feveral violent Fires I formerly 
gave you, I fhall here prelent you with fome others which are particu- 
larly calculated for this Service, and which are in Efteem with the Py- 
rotechniciam oi our Days. TheFirft, to Fioravantus : Take 

of the Farnijh ufed in gilding of Leather 10 Tb j of Sulphur Vivum 6 Ibj 
of Oil of Rojin 2 lb j of Saltpeter lb fs j of Olibanum one lb j of Cam'' 
phire 6 5 ; and of the bell Brandy 14 ^ ; Put them all into a Veffel, and 
mix them well together over a flow Firej and being melted, add fome 
Tow to them, and let it fteep. This being put into Pots, will produce 
a Fire that will be inextinguilhable, wherefoever it be thrown. 

XJfanus in the third Treatife of his Artillery y Chap. XX, gives us the 
following: oi Gun-powdery Sulphury Saltpetery zxA Sal ArmoniaCy 

of each lb fs; of Camphire 2 meal them all finely, and pafs them 
through a Searce j which done, add to them a Pinch of common Salt. 
Put all thefe into a Brafs or glazed Earthen Veflel, and pour Oil of 
Olives upon them, or Oil of Petroly or of Linfeedy or of Walnuts ; or 
elfe melted Lard j enough to give the Whole the Confiftence of a Pafte, 
or pretty thick Conferve. Being all incorporated well together, take 
fome of it out, and try how it burns, and fee whether it can be ealily 
fuppreflfed by the Injeftion of Water j for if you find it too weak, you 
mull; add Gun-powder to it. Having brought it to the Pitch you would 
have it; fill Pots, Pitchers and fuch like Earthen VelTels with it. 

In the fame VelTels you may add Lumps of that Liquified Stuff, 
which we mentioned in fpeaking of the Preparation of Fire-Rainy 
wrapping them up in loofe ^ick Match : Or you may ufe Balls of the 
Bignefs of a large Walnut made of the following Compojition •, taking 
care to fill up the Interftices between thefe Balls with a Mixture of Corn 
and Meal Powder. This Compojition is thus: Take Saltpeter and Gun- 
powder, of each 2 lbs of Sulphur lb fsi oi Colophone § iiij j of Camphire 
^ ij ; of Sal-Armoniac \ j. Incorporate them well together, and knead 
them with Oil of LinJ'eed or Olives ; and in Ihort, make this Compojition 
into Balls of the bignefs of a large Walnut. Thefe Balls being once in- 
flamed burn moft outragioufly j infomuch that if they chance to fall 
upon a Ship’s Deck, they will burn through and through it in the 
twinkling of an Eye; will fee whatever they flick to in a Blaze, and ac- 
cend and inflame thofe Subfiances which are the leafl fufeipient of Fire: 

But 




Book V. Of the Great /Jrt of Artillery. 

But what I take to be their moft extraordinary Property, is the Impofli- 
bility of fufFocating or flifling them by any means j and it is particular- 
ly in vain to endeavour at a Suppreihon of their Fire by Water i for far 
from fuffering any Diminution of ite Violence by the means of Water j 
it gathers new Strength, and rages the more obftinately the more it is 
plied with that Liquid Adverfary. 

All thefc Veffels muft be flopped up or covered clofe with waxed or 
pitched Cloths, as we Ipecified above. To the Ears or Handles of them 
(it is perfedtly neceffary, that thefe Veffels fliould have Handles) you 
mufl tyc Ends of Matchy and fecure them faft, that they may not drop 
off. If it happens that your Pots have no Handles, nor any Thing of 
that Kind, nor even a Neck of fufiicient Length to tye your Match on 
by j you mufl give them a Coating of our Pyrotechnic Cement y or of 
ought elfe that is of a very tenacious Nature, and flick your Match in it 
all round. 



ADVERTISEMENT. 

That thefe Olla or Pots of FirCy and leveral oxhor Vejfels filled with Com- 
hujiible CompoJitionSy were ufed by the Ancients, to fet Fire to Buildings, 
&c. is not to be difputed j if we rightly conlider the Teflimony of fo 
many Authors whom we quoted when we fpoke of Hand-Grenadf s and 
Fire-Rain. But it mufl be allowed, that all the Fire-Vejfels of the 
Ancients were but Trifles and Children’s Play-Things, when compared 
with Ours j or at mofl, that they were but the Shadows of our Modern 
Fire-Pots 'y becaufe they wanted our Thunder-imitating Gun-powder hy 
flie Afiiflance of which we are enabled to caufe fuch frightful Fla- 
grations ; to burn and deflroy the greatefl Part of our Adverfaries j and 
particularly, if to thefe Pots you add Hand-Grenado* s or Crackers. 



CHAP. II. 

Of Fire-Crowns and Garlands, which the Germans call Pech, 
and Stnrm Kranezen. 

H e that would render himfelf Worthy of a Mural or Naval Crown, 
and who is ambitious of being honoured with one from the Hands 
of his King or Prince j I fay, whofoever is defirous of being diflinguifli- 
ed by thofe proud Marks and Badges, which are beflowed on Merit and 
Virtue, mufl, the better to qualify himfelf, know how to manage our 
Pyrotechnic Crowns; he mufl prove them and put them in Execution, 
if he C3?pe<fls to fee his Temples adorned with a Wreath of Laurel. 

F f f f f Our 
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OyirDtadems and Garlands^ I mtrft own^ wiH: burn, and' ofccmiimes prink 
thofc who handle them j bm who knows not that Rofes arc gathered 
anrongft Thorns ? And that all our moft perfedt Happinefs, and nioft 
tranquile Contentment in this World, take Birthf, inf the midft of the 
moft pungent Sorrows, and a thotrfind afffidting Difficulties, which per- 
petually oppofe us in our Purfuits of what We WOtfM enjoy. No 6n6‘ 
evefr yet obtained Glory, bttt by itrug^ing, and conibating with Mif- 
fortunes arid Labour : It is no fitiall I^MbmiUih dpon a S^oldier to fay of 
him, 'Thaf be is both able and •willing to endUre Hafdjbips, This Acknow- 
ledgment is the natural Right of a true Soldier, and what he may lay 
juft Claim to, whatever elfe he may ftarid in need of. bus though the 
Man who is crowned with our Tire^Urlands Will be grieyoufly laden, 
yet at the fame time he will be pompotrfly adOrned j if his Actions are 
levelled at nothing but pure GlOry j if he contemns Diffictifties, arid 
bears with Heroic Conftancy all thofe Hardlhips which oppofe hiS Ac- 
quilition of the Prize he thirds after. Now in this Chapter I mean to 
inform you of what FloWeTs afttf Ornaments’ our Crowns and Garlands 
are compofed. 

Get a long Bag made either of Flaxen or Hem'pen Cloth, of the 
Breadth of 4 or 6 Inches, arid of the Lcrigth of 3 or 4 Foot ; arid fill it 
with one of the CansjofitioHs vre gave for Fire-Balls. The folldWirig 
tlompjHims are purely fof thefe Gatlatids, 6 td. 

1 . 

Take of Saltpeter g lb j of Sulphut one B’j of Po^wder i fbi arid 6"f 
PoWdet of Gldjs lb fk 

II. 

I^ake of 3alfp^i& 3 bf Sulphur one tb; of Char coal Itr fsj of 
I^CWder of Glafi I iiy. 

III. 



Take of Powder 2 lb j of Saltpeter 3 tb j of Colophone lb fs j meal 
them fiflety, arid mix them well : Having filled your Bag with one of 
thefe Compojitions^ bend it round into a Circle j fo that the two Ends 
may meet, which muft be fewCd together : And for fear the Stitches 
fhould give way, or be burned during the Combuftion of your Garland, 
you (hall clap an Iron Hoop within it, whCf(e exterior Cirettmfereftee k 
equal to the interior Circuit of the Bag. Upon this Hoop then muft 
your rounded Bag be fecurely laced, and fattened with Interweavings 
and Knots at proper Diftances from each other# in Imitation of what 
We ordered of the lame Kind for Fire-BdllL Being thus adjufted, you 
niult thruft Iron Crackers into it j which Crackers (hall be well charged 
'miiiPowJer rind Balh, arid pointed at Bottom, that they may the more 
erifily perietfate the C'ompojitibh : Of you may di^Jofe of them, as may 
Fig. i07,be remarked in Pig. 267 arid 208. 

Crowns you hrive in Pig. 209 : This is only 
rifmed with bearded Iron Spikes y with intent that if it (hould chance 



to 




I 



BcokV. Of theGreat / 3 rt of AsxtLhURT. 387 

to foil upon the Head of any Perfon, he may not be able to take hold on 
k, to throw it from him j but be obliged to buitn alive, and from this 
fort of Torment, which may be faid- to be its natural ElFe< 3 :> k may jufoly 
enough be called the Martyrizing. Crown, 

So^times alfo thefe Crmsms are adorned, or rather armed, with Hcmd 
Oretiadds^ of the b^ncfo(^ an Iron Bullet of one or z Founds Weight- j 
but they ixkd): have Fuzes of the Length of 3 or 4 Fingers fcrewed into 
their Orifices to ke<Sp them tight and firm upon the fad Crtmns or Gar- 
}ands^ and for the lame Purpofe alfo muH they be Isrced on- wkb Ifcbj 
Wire. You have the Reprefentation of this in Fig, 2 10. Fig. no. 

Thefe Crowns and Garlands are applied to the very fomi Ufes as the 
Fire^Pots and other Veffels which we deferibed to you in the foregomg 
Chapter : I Ihall only add to what I have laid. That yoa nauft take Gare 
to make two or three Holes, through which to fire the inchaded Gomfo^ 
jitim j. and being lighted and inflamed on all Skfes^ you may throw them 
where^ever you Ihall think proper. 



CHAP. m. 

Of Fire^Hoop^s or Amfidal Spheres. 

I F you Ifove a right Idea of the iWiriner of pfep'aTirig the fite^feniins 
we juft now ^oke of ; ybu Will meet Wkh rid Difficulty iri ofderirig 
Attificidl Spheres y which ate oriiy compofed of fo'^era'f Hbops or Ririgs 
within one another, and placed Cidfe-^ife. Prepare then three oi four 
Hoops <x Croons (acjcordirig to the Dire(ftion§ we gave foU in (he foftf- 
gdirig Ghdpiefy) of fiich Si^e airid Proportion to each other, that they 
may go irito, or be received iriita otte ariothcr, from the gfcateft of them 
fo the ledft ; (that is) That the Iriterxor Circumf^Cftce of the Firft, be 
exactly the Exterior’ Ckcuitifercrice of the Second, and the Iriterior 
GiFcmrifereriCe of the Second, be exaCIly the Exterior CTifcunlfereftce 
of the Third, arid fO on. Being thus ordered, petf them fOgether, (vii::) 
the two Firft, at Right- Angles to each other ; and the fwd Smaftef, at 
Right-Angles between themfelves, but at an Angle of 45 Degrees with 
relped: to the two Greater j or if you have more than four Hoops, they 
Ihall be all fo ordered as mutually to interfeCt each other at Acute An- 
gles in the two Points which are Diametrically oppofite. To thefe you 
may add others which may embrace them round, or be in a right Di- 
rection to the Firft j but they Ihall be boUnd on with Copper or Iron 
Wire j for if you only faften them with Marline, it will be prefently 
burnt J by which means your Work will fall to pieces, and yourfelf be 
baulked in your Expedafions. 



But 
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But by the way I muft tell you, that it will be proper to have large 
Hoops for thefe Spheres i I mean, that they muft be of feveral Foot in 
Circumference. The largeft of them (for Example) ftiall be 15 Foot in 
its outward Circumference, and the reft proportioned to it, as we £iid 
above. It is alfo neceflary to dip them all in Tar, and to pierce them 
with feveral Holes or Vents ; that the whole Body of them may be fired 
at once, or in feveral Places, and confequently, that it may be impoffi** 
ble for the Enemy to fuffocate them, or difengage themfelves from the 
frightful Diforders thefe Spheres will introduce amongft them. I have 
not given you any Figure of thefe ; becaufe the Conftrudion of them 
may be eafily gathered from what we have been faying, and by the Fi- 
gures of our jirtijicial Crowns. As for that whofc Reprefentation you 
Fig. zii have in Fig. 2U, it differs from thofe we have above-deferibed : 
zelet will have it conftruifted thus. 

Take a Wooden Hoop, or (what will be better) an Iron one, juft 
fuch as Coopers ufe for binding their Cask : Daub it over with Tar 
mixed with Gun-powder, and take a Band or Slip of Cloth, whofe 
Length muft be equal the Circumference of the Hoop, and of the 
Breadth of three Inches : Wrap this Band round the Hoop, and fill it 
with a Compojition made of one tb of Powder, one | of Sulphur, and 3 
lb of Saltpeter, fprinkled over with a little Oil of Petrol or Linfeed, and 
interiperfed with Scraps of Sulphur. This done j few up your Cloth, 
and re-inforce it throughout with a Woulding of Marline, and pierce it 
in feveral Places with an Iron Point, filling all the Holes you pierce, 
with ^ick Match. In ftiort, the whole exterior Surface of the Hoop 
lhall be garniflied with Sulphur, which muft be wrapped round with 
Tow, excepting the Vents or Primings of Sluick Match which muft be 
left free and open. This is but half your Work ; for you muft pre- 
pare another Hoop after the very fame manner (or feveral if you pleafe) 
and having fix’d them in one another, you {ball faften them together 
with Wire, to prevent them from falling afunder when thrown from 
any Eminence amongft the Enemy. Being thus prepared and ac^ufted, 
you muft fire the ^kk Match before-mentioned, and upon finding that 
your Compojition is thoroughly accended, you may throw this Sphere 
where you pleafe. 




CHAP. 
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CHAP. IV. 

0/ ARTIFICIAL CYLINDERS. 

T Muft here fay once more what I have very often advanced already, 
namely, That we owe our Ingenuity in Pyrotechnics to Hints taken 
from former Inventions. I know that we improve a great many Things 
in our Art, which we pretend were unknown to the Ancients j many 
of which I am far from thinking they were wholly ignorant of; and it 
is not impolTible, that former Ages might have had a more diftindt 
and perfed Knowledge of fome Things which we attribute to our 
Invention, than we have ourfelves, ( faving what relates to Gun-pow^ 
der ) but which by a long Succellion of Time have been infenlibly 
annihilated, and were never handed down to us. Now the Men of 
our Age are of fuch a Turn, That having never fo fuperficially con- 
fidered any of the Pieces of Antiquity, they dive prefently to the Bot- 
tom of them, and unravel them at once ; and thereupon their Hearts 
being diitenaed with V.inity, they fancy themfelves to be the very 
laveRtcrs of Them. Whence it is, that they give them out, not on- 
ly as their own, boaft of them, and praife them up; but alfo arro- 
gantly defpife the Worthy and Ingenious of the Times paft, who were 
in all probability at as much Trouble in the Cultivation of thole 
Things as we have been. For my part, I acknowledge that the ear- 
lier Ages of the World were productive of very great Men, and fuch 
as were infpired with an Inventive Spirit ; but it muft be at the fame 
time allowed, that we mayjuftly claim fome lhare of Applaufe and Ap- 
probation in Conjunction with them ; inafmuch as we have been able 
to make great Additions to their ingenious Practice ; and inafmuch as 
we know how to choofe what is prohcable to us from amonglt their In- 
ventions, and feparatc it from what is unuleful to us, and after having 
cleaned it, and fcowered off the Ruff it had contracted by a Length of 
Years, have been at the Pains to reffore it to its Original Luftre. But 
I lhall always Hand firm in the Opinion which I have fo often commu- 
nicated in this Worky notwithftanding any Arguments I can forefee to 
convince of the contrary, (namely) that the Works of the Ancients 
were Lame and ImperfeCt through their Want of our Gunpowder', and 
that they conceived only the Shadows, and not the perfeCt and true 
Idea’s of the admirable Machines olWar. I formerly gave you fome of 
xh&w Engines y and after having compared them with ours, I made it 
evident to you, how much our Modern Machines furpafs them in Dig- 
nity and Contrivance. I lhall here again prefent you with feveral others: 
But before I do that, I lhall make it appear by the Teftiraony of an- 
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dent Authors, that the Pyrotechnic Cylinder is a very antique Inventi- 
on i which done, I fhall ihew you what Improvements the Moderns 
have tacked to it. 

Let us firft confult Vegetius upon this Subjed, and give Ear to what 
he fays of thefe Cylinders. He fpeaks thus of them in Lib. IV. Caf. 
viii. where he teaches us to conftru(S feveral Machines for the Defence 
of Walls. T^hey made prodigious Wheels of Green Wood^ or Cylinders of 
the Bodies of vaji "Lrees\ (which they called Rollers) thefe they rounded 
very exaBly that they might be the more rollable^ and being trundled down 
Declivities^ they ran over the Enemy and frightened their Horfes. Let 
us now hear what Ammianus Marcellinus has to fay of this Matter: 
Dhe greatefi part of tbofe who were concerned in the Affault^ or made any 
Attempts to fcale the Walls, were overwhelmed and buried under great 
StoneSf vq/i pieces of Columns, and by Cylinders which were rolled down 
the Declivities and 'Taluds of the Walls. 

It appears then by thefe two Authors (not to quote any Thing from 
others) that the Ancients converted or applied the Cylinder to Warlike 
Ufes. But thefe could hurt none but the moll Bold and Daring of 
the Behegers, who attempted to fcale the Walls of the Belieged j and 
only lamed them, broke their Ladders, and crulhed the Machines or 
Perfons they happened to fall upon ; leaving the Soldiers and Works, 
which were but a little diftant from them, out of Danger. But our Cy- 
/inders are much more Artffcial, and vallly more efficacious; for they 
not only by their Weight break and deftroy whatever they fall upon, 
but alfo kill luch Perfons as arc far diftant from them, and throw down 
and demolifh their Machines xho' pretty remote : For being hollowed, and 
then charged with Stones, Pebbles, Iron Bdits, and fuch like; together with 
a good Qj^tity of Gun-powder -, they are capable of doing incredible 
Mifchief. But before they are put in Execution they mull be bound 
or reinforced with ftrong Iron Rings, one at each Extremity of the 
Cylinder, and one at each End of the Charge of Powder. This is the 

F»C- firft Sort of our Cylinders, which I have reprelcnted in Fig. 212. where 
the Letter A diftii^uilhes a Wooden Stopple or Tompion for heading 
up the Orifices of it. 

Fig. 213. You have the fecond Sort in Fig. 213. It is armed all over with bearded 
Spikes ; that it may not only be capable of Deftrudion by its Weight, 
by its Mortal Bowels, by its Flame and Fire ; (all which it has in com- 
mon with the Firft) but alfo tear and wound thofe with its Spikes, 
who arc hardy enough to be Foremoft in an Attack, or in mounting a 
Breach. This alfo mull be reinforced at each End with a Subftantial 
Iron Ring. 

Fig. 214. The third Sort of CyMnder, which you have in Fig. 214, is yet more 
Artificial, and more cruelly adapted for Execution, than either of 
the Former; for the whole Capacity of it is filled with Hand Grenade's 
and Crackers, of feveral Sorts (ordered as ufual) the Interftices of which 

are 
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are filled up with Gun-powder. Now this Cylinder is commonly com^-- 
pofied of two Semi-Cylinders^ as may be conceived by the Profil A* 

The two Pieces of this Cylinder muft be forelocked or wedged together, 
and that fo clofely, that no Air may have Admifiion into the Body of 
it, whereby it will be conlequendy obliged to burft with the Greater Vi- 
olence. This Cylinder inufi: have a fmall Wooden Fuze to correfpond 
with the Powder j which Fuze muft be filled with one of the Com- 
pofitions we formerly gave yQU for the Fuzes of all Sorts of Gre- 
nades. 

To conclude, I here give you a fourth Cylinder', of which the An- 
cients had fome Knowledge, if we may believe Sallujl j for I find that 
he writes to this Effedl in his Hemains. SChey rolled down the Declivities 
vaji Pieces of Rocks and Beams mounted upon Axles, and armed with 
Spikes, or Jhort Darts, like the Military Ericii, or Chevaiix de Frife. 

But, good God ! to what a horrid Point of deftru(ftive Power have we 
brought this Cylinder, by means of our Gun-powder t For that fpokea 
of by Sallujl, was no more to ours, than a Shadow is to a Subftance. 

You have the Reprefentation of this in Fig. 21^, and by the Conftru-FIg. zif. 
<ftion of it, I fliall evince that I have not exceeded the Bounds of Truth 
in the Aflertion I have here advanced, and ftiall ftiew you how far we 
have improved upon the antique Cylinder of this Kind : The following 
Defcription of it is taken from Hansselet. “ Get a Cylinder hollowed 
“ or bored throughout the Middle to the Breadth of 2 or 3 Inches, like 
** our Recreative Cafes. The whole exterior Surface of it (excepting 
** its Bafes or Ends) ftiall be ftuek or armed with long Iron Spikes, be- 
tween which you muft fix Grenada's of a moderate Size: The Fuzes 
“ of thefe Grenado's muft be of Iron, and not only ftrewed into the 
“ Vents of the Grenado's, but alfo into the Cylinder, (fee Fig. A) by 
“ which means they will be immoveably fixed : Again ; thefe Fuzes 
“ muft be of fuch Length, as to reach clofe home to the Compoftion 
“ contained in the Body of the Cylinder. The whole being thus or- 
dered, ftiall be mounted upon two common Wheels, fuch as thofe of 
a Chariot with their Axle-Trees, which muft exadlly fit the Orifi- 
“ ces of the Cylinder, and be fecurely ftock into them ; Thefe Axles 
** lhall be alfo bored throughout to the Breadth of an Inch or therc- 
“ abouts, which Borings muft be filled with the ufual Compoftions for 
“ Fuzes. In fine, this furious Body (which for its admirable Conftru- 
“ (ftion and wonderful Effedls might juftly be flyled a Machine) ftiall be 
" pitched all over, and being moyntfid upon the Axles, and fired at 
“ each End, may be rolled dowj) gmongft the Enemy ; there to per- 
“ form fuch Havoc, as could not be effedled by a Thoufand of the 
** antique Sort.” To tell you now, how that is pollible, would be en- 
tirely fuperfluous and needlefs, fince any Perfon who has but the leaft 
glimmering Infight into our Art, will readily conceive it. And 
therefore not thinking it worth while, to dwell upon a Matter which 

is 
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is fo felf-cvident, I fhall proceed to the fhort Remainder of this 
tife. 



CHAP. V. 

0/ F I R E-S A C K S. 

*^HESE Artificial Sacks are applied to the fame Ufes in the Defence 
of Places, when attacked, or attempted to be ftormed or fcaladed, 
as the Cylinders above-mentioned. They are ordered thus : Take a pret- 
ty thick. Wooden Bar of feveral Feet in Length, and fquare it, or con- 
vert it into a Parallelepiped, and let the two Ends of it be cut Iharp, or 
in the Form of a Pyramid. Towards the Ends of it, you fhall bore 
two Holes, nearly interfering each other at Right Angles j into which 
you muft thruft two Wooden Tree-Nails, fhod or armed at each End 
Fig. 216. with Iron, as may be feen iq Fig, 216, by the Letter A. Upon this Bar 
you muft tye a ftrong Canvafs Sack, which muft be pretty wide ; that 
it may contain a good Quantity of one of the Compofitions we ordered 
for Fire-Balls. Having tied it faft to the Bar by one of its Ends, fill it 
at the other with a proper Compofition^ and ram it and fhake it down 
’till it be as hard as what we direifted when we fpoke of the Filling of 
Fire-Balls. In fhort, tar the whole Body of it over, and coat it with 
Fig. xi'j.Tow. You have this in Fig. 217. 

Fig. 118. The other Sack, which you fee in Fig. 218, differs from the foregoing, 
in that its Bulk is uniform and equal from one End to the other j with- 
out fwclling or bellying out, more in the Middle than at the Extremi- 
ties j as may be perceived by the Figure: Add to which, that it has no 
Bar or Axle running through the Body of it, like the foregoing; but has 
only two finall Wooden Fuzes, fixed in each Mouth of the Sack^ which 
are filled with a Jlmv Compofition. What we have here faid of the 
foregoing, together with the Figures we have referred to, will give 
you a perfedt Idea of whatever relates to this. Thefe Sacks muft be 
armed on the Outfide with Iron Crackers. 




CHAP. 
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CHAP. VI. 

Of ARTIFICIAL TUNS and BARRELS. 

* I ^HAT Turn and Barrels^ as well as Cylinders^ were ufed by the an- 
cient Greeks and Romans^ and feveral other Nations that fiouriflied 
with them, in the Defence of Places bcfieged, may be gathered from 
what we are now going to communicate. Firft then, *1“ Dio CaJJius 
fpeaking of Tiberius^ who had befieged a Place fituated upon a Rock in 
Denmark^ fpeaks to this Effedt. The J Dalmatae galled them with Stones 
thrown from Slings, or rolled down by Hand i they likewife trundled down 
Wheels, and Cars full of Stones, together with Chefs and fCuns, or Barrels 
made round after the Fajhion of the Country, all full of Pebbles. Hiero 
alfo relates fomething of this Nature, They contrived to roll down Co- 
lumns, Wheels, Chariots or Cars heavily laden, Vejfels full of Pebbles or 
wet Earth, like thoje compofed of Staves in which Oil, Wine, and fuch like 
Liquors are kept. Ammianus writes much to the fame Purpofe, (j Hav- 
ing boldly pajfed the Fofle or Ditch over Hurdles, and gained the Foot of 
the Wall ; they were immediately overwhelmed with vafi Pieces of Stone, 
and Fragments of Columns, together with Tuns. Now we can gather no- 
thing from the Teftimony of thefe Authors, and they prove nothing far- 
ther; than, that by fuch like Contrivances, theycrufhed the Enemy to 
Pieces, and tore dowm their Machines. The Art of doing this is not fo 
difficult, nor the Pradtice of it fo obfcure; but that we might eafily adt 
it over again, if we thought it in any wife proper or neceffary for the 
Defence of Places : But our Gun-powder has fuggefted far other Ways 
of defending ourfelves againft thofe, who would make any hurtful At- 
tempt upon our Lives and Fortunes. We now prepare great Tuns, in 
the Center of which we fix a lefler Veflel or Cask full of Powder, or 
elfe a large Bomb ; which we furround with Stones, Pebbles, Iron Bolts, 

the Interftices between which we fill with ^ick Lime. The Veffel 
being crammed after this Manner with as much as it can hold, is headed 
up, and well bound with Iron Hoops. In fhort, having fix’d a Fuze in 
it to correfpond with the Powder, it is thrown down from the Ram- 
parts amongft the Enemy, where it does more Mifchief in an Inllant, 
than all the Machines of the Ancients could do in ten Days. 

Now the Havoc made by thefe Contrivances is fo prodigious and 
frightful, that it is impoffible for me to inculcate an Idea of it into you, 
and much lefs can I make you believe it, except you have ever hap- 



t Dio. Csfl: Lib. LVI. 



t Now called Sclavonians. 
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II Amna. Lib. XX. 
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pencd to be in fome fort an Eye-Witnefs of it upon Warlike Occa- 
lions. I for my part believe it is impoflible for Human Wk to in- 
vent any Thing more efficacious than thefc, to cut off the Enemy when 
refolved to carry you by Storm, to affuagc the Violence of Attacks, and 
to caff a Damp upon the moft Refolute and Courageous. We have a 
difmal Example of the horrible Effeds of thefe Murihering Machines in 
the Siege of St. Andrews in Scotland^ which was inverted in the Year of 
our Redemption 1524; at which Time one of thefe filled with 

Powder^ Stones^ and Iron Bolts^ being rolled down amongrt the Enemy, it 
wounded 6oo of them at once, of which Number 321 remained Dead 
upon the Spot. We are informed of this by Hierom Rttjel, an Italian, 
in his Precepts of the Modern Arts of War. 

The Befiegers might on. the other hand throw fuch Vejfels as thefe in- 
to the Places belieged, (as alfo Cylinders dSidi Sacks) if they had Ma^ 
chines proper for that Service, and particularly, if it was thought worth 
while to revive the Balifia of Antiquity ; which we fhall not here en- 
large upon, having fpoken of it fufficiendy already. 

Sometimes alfo thefc Artificial Barrels might be buried under Ground 
in any narrow Paffage, or at the Entrance of any Place, or before the 
Gate of a Town j artfully fixing in them a Gun-lock with a good Flint, 
and having a long Line or Thread made fart to the Trigger, to fire your 
Gun-powder or (if we may fo exprefs ourfelves) fpring your Mine, when- 
ever you think proper i but the abovementioned Line muft run under 
Ground, that it may not appear. If this Contrivance does not plcafe 
you, you may (to be furer) put a Piece of lighted common Match into 
them, or fome of our ^ick Match twifted, and ordered fo as to burn 
till the Time you expert the Enemy to come upon that Place, in order 
to carry on their Attack : But you muft fo contrive, that the Match may 
breath the Air by a little Tunnel or Pipe, which muft reach quite up 
to the Surface of the Ground j for fear the Coal of the Match ftiould 1 » 
ftifled by its own Afties, and confequently baulk your Expedation, But 
I need not trouble myfelf with giving you any farther Advice upon this 
Subjedt; The skilful Engineer cannot be at aLofs in managing this Mat- 
ter with Succefs. 

We find that Ncceffity formerly fuggefted feveral Methods to the Be- 
iieged, of not only breaking down and overfetting the Machines of the 
Aflailants by the Weight of Stones, and other Ponderous Bodies, which 
they threw at them ; but alfo of burning, and reducing them to Alhes. 
And therefore amongft other Inventions, they filled Barrels and I)um 
with Combuftible Things, and fent them amongft the Enemy’s Works: 
Witnefs Ceefar in Lib. II. of the Civil Wars j who fpeaking of the Siege 
oi Marfeilles, fays, That finding the Bsfieged very obftinate in defend- 

“ ing themfelves, a Mufculus or Gallery was ordered to be built of 60 
“ Foot in Length, whiqh had a Hoping Roof, covered with Tiles and 
“ Dirt to preferve it from the Fires which might be thrown from the 

« Walls; 
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V/alls j which Tiles and Dire were covered with Hides to prevent 
“ them from being torn away by Water which might be plaid upon 
“ them; and the Hides were again covered with Cloths fteeped 
in Vinegar; in Ihort, the Body of this Gallery being made of vaft 
“ Timber fecurely bound and clamp’d together with Iron, and the 
whole of it compleated and fortified, it was moved upon Rollers clofe 
“ home to the Walls of the Befieged. The Garrifon being aftonilhed 
“ at this unexpedted Machine^ tore up the largeft Stones that could be 
“ railed with Crows, and threw them from their Walls upon the Gal- 
“ lery ; but it was fo fubftantially built, that it received no Damage 
“ from the Shocks of them, and what fell upon the Roof of it prefendy 
“ rolled off. He then fays, That the Befieged finding it was to no Pur- 
pofe to make any farther Efforts to deftroy the Gallery by Dint of 
“ Weight, they bethought themfelves of another Stratagem ; which 
“ was, to fill Butts, Tuns, and fuch like Vefiels with Pitch, and the 
“ Heart of the Pine Tree, which they threw down all in a Flame up- 
“ on the Gallery, but they immediately rolled off, and were eafily re- 
moved out of the way of doing Harm, by long Prongs or Pitch-forks. 

“ In the mean time the Soldiers that were under the Covert of the Gal- 
“ lery, loofened and pulled out the lowermofl: Stones of the Enemy’s 
“ Tower; and having taken out a good Parcel of them, and under- 
“ mined it, a Part of it fell down with a hidden Ruin.” 

The Thought of the Befieged, in this Cafe, pleaies me much ; but I 
can by no means approve of the EflFedt of their Artificial Tuns and Bar- 
rels : They would have feen far other Execution performed by thole 
Vejfels, if they (unfonunate People !) had had any Knowledge of our 
Gun-pov)der and from thence have hit upon a Preparation of their Tuns 
after our Modern Way. There is no Gallery how impenetrable foever it 
may appear, nor no Covert fo ftrong ; no Hides, Planks, Blinds, nor 
Chanddeers fo thick; no armed Men, tho’ cafed in Steel to the very 
Teeth, that could bear the Shock of large Pebbles, Iron Bolts, or of 
the Shells which we ufually inclofe in thefe cruel Machines. Happy tlie 
Man who can avoid the Fury of them, or provide for his Safety by 
Flight, before the Ptnoder in them catches Fire ! Inftead of amufing him- 
felf with removing or thrulling our Tuns and Barrels away from the 
Works with Prongs. 

I have given you the Reprelentations of our Artificial Barrels in Fig. Fig. up, 
219, 220 and 221. But the laftof them Ihews you two Barrels mount- 
ed upon one and the fame Iron Axle : Thcle are not filled with Stones, 
but with Grenada's, Crackers, and Corn Powder, and are well bound 
with Iron Hoops, and llruck round with Steel Spikes. The Reafon of 
their being armed after this Manner, is to defend them from the At- 
tempts of certain Fool-hardy Perfons; who might venture to cut them 
in pieces with Axes, before the Fire can have penetrated to the Powder 
contained in xkyt Barrels ; for the fame Reafon it is, that they are mount- 
ed 
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ed upon Iron Axles, and that the Wheels have Iron Straiks and Spoaks 
of the fame Metal. 

If thefe Artificial Barrels are not very large and heavy, they might 
ferve in Sea-Fights, and be thrown into the Enemy’s Shijps, as well as 
Fire-Pots. 

You muft take great Care in fixing the Fuzes, for that is the main 
Point} and without being particularly cautious in ordering this Article, 
you run the Hazard of feeing your Work prove abortive. 

In the twofirft of thefe Figures, the Letter A fliewsyou a fmall 5^rr- 
rel, and a Grenada or Bomb w]iich are fixed in the Center of their re- 
fpedtive Barrels. The reft will be eafily conceived by the} Figures. 



CHAP VII. 

Of Pyrotechnic Flambean^ or Torches^ 

T> Y T’orches we underftand nothing more than certain Brands of Arti- 
^ ficial Fire, which are thrown at Diftances to fire the Enemy’s 
Works : But to fay the Truth, they arc nett much in Requeft with us, 
and in fliort, are grown quite out of Ufc. The Ancients pradtifed 
them formerly with very good Succefs, as we are told by The 

Divine Csefar having bis Army about the Alps, commanded the adjacent 
*Towns to fubmit tbemfelves, and yield him free Pajfage, &:c. but there 
•was a Cafile near, "which depending upon its natural Strength refufed Obe- 
dience to the Summons : Upon which the Emperor commanded his Troops to 
advance towards it. This Cafile was called Larignum, and before the 
Gate of it there was a Tower built of the beforementioned Wood, and 
compofed of great Beams lying athwart each other (alternately) like a Fu- 
neral Pile, which being pretty high, they might from thence repel the Af- 
failants with •f’ Spears and Stones. Caefar being informed that they bad no 
other Weapons of Defence but Spears, which were too heavy to be thrown 
far from the Walls', he ordered little Fafeines or Fagots to be made, and 
thrown at the faid Tower, together with Brands or Torches, in order to fet 
it on Fire. This was accordingly done, and whilfi the Heaps of Fafeines 
were in a Blaze, it feemed to every Body as if the Tower was really burned 
down to the Ground. But the Fire going out, and the Tower appearing 
whole and untouched, Caefar Was afionijhed at it, and ordered bis Army to 
advance up to it, and infult it ; upon which the Befieged being firuck with 
Dread, they ft^rendered ', and being asked what Wood it was that bad 
thus been able to withfiand the Rage of Fire', they pointed at fome of the 
Trees, which are in great Plenty in thefe Parts. This Wood is called 
Larigna, from whence the Cafile itfelf is called Larignum. 



t The Latm Word k Sitdes, which were properly a kind of Stav*s. 
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Silius mentions thefe Torches in Pugn. Canen^ 

XJllum nec deJit teli genus^ hi Sude pugnanty 

Hi Pinu fagrante dent j hi pondere PUL 

In EngUJh ; 

They deal all miflive Arms, fatal to Life ; 

Thefe with the flaming Torch provoke the StrifCj 

Thofe with the Javelin’s Weight, ^c, * 

Lucan alfo in his Pharfalia. 

dnde Sagitta 

Inde FaceSy & Saxa volants 

In EngUJh : 

Thence StoneSy thence Brands and Arrows fly. 

Virgil alfo faith fomewhere. 

Jamqae faces & faxa volanty furor arma minljirat. 

In Englifd : 

And Brands and Stones in ratling Vollies fly j 

And all the Ruflic Arms that- Fury can fupply. Dryden. 

Lipfus alfo in Lib. V. of his Poliorceticeany tells us how the Anciepts 
were ufed to prepare thefe TorcheSy in thefe Terms : The common Torches 
were thoje which were made of Pine, Larchy and Fir : The jmaller Sort of 
thefe they had for private UJe in their Houjes j but with the larger Sort 
they foughty and threw them by hand at the Enemy's Works to fet them on 
Fire. 

All this is Old ; But our celebrated Annalifl: Paulus Piafecius will 
furnifh us with an Example of a frefher Date j for fpeaking of the Siege 
oiWielkoluki (a Town in Mujcovy) when it was invefted and taken by 
Stephen King Poland y he tells us; “ That the aforefaid Town being 

“ furrounded by an Enceint compofed of vaft Bodies of Timber, upon 
“ which Account, and for other Reafons, it was found to be Proof a- 
“ gainfl all Battery; and the King perceiving there was no Likelihood 

of reducing the Place by any other Means than a Conflagration ; he 
“ had recourfe to Mines, which being fprung, blew up a Rampart, and 
“ fet fire to the neighbouring Parts, which was extinguifhed by the Di- 
“ llgence of the MoJcoviteshtLit^td-’y but that fame Evening they con- 
“ veyed Brands or Torches made of Sulphury to the other Side of the 
“ Town, which lying latent for feveral Hours, it was thought they 
“ were extinguifhed by the Dampnefs of the Ground : But a high Wind 
** arifing towards Midnight, they flamed out a-frefh, and in a very lit- 
** tie time the Conflagration became general, and the whole Place was 
** laid inAfhesj and above two Thirds of the Inhabitants were deftroyed. 

I i i i i This 
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This is what 1 had to fay of the Ufc and Effeds of Aftijicial Tor- 
ches and Fire-^brands. I have nothing now to do, but to inftrud you in 
the Preparation of them by the Rules of our Art j in cafe the Exi- 
gence of Affairs fhould make it neccffary for you to put them in 
Pradice. Take then of Sulphur 8 Parts j of Colophone 2 Parts j of 
Saltpeter 4 Parts; of Black Pitch i Part; of IVax half a Part, and of 
Turpentine i Part. Having mixed thefe Ingredients well together in a 
glazed Earthen Pot, or in any Brafs Velfel, melt them over a Fire; and 
being fufed, throw into them fome Old Linnen well wafhed and dried, 
or elfe Tow j but which foever of thefe you make choice of, you fhall 
let it fteep in the above-faid Liquified Compojition j and taking it out 
whilft it is warm, you muft wrap it about long Sticks and bind it upon 
them with Iron or Lattin Wyrcj but before you do this, you mufl drive 
Nails into your Sticks, that the Stuff may have the fafter Hold upon 
them. Your Torches being thus prepared you may light them, carry 
them, and throw them, where you pleafe, and need not fear that 
either Wind or Rain will extinguifh them j for on the contrary they 
will burn either upon or in Water with wonderful Rage to their utter 
Confumption, and never can be fupprefled by any other means than by 
being buried either in Sand or Afhes. 



CHAP. VIII. 

0/ FIRE-ARROWS tr DARTS. 

X^^HAT we here mean by Fire-Arrows and Darts where formerly 
called Malleoli^ which feme Authors confound with the Fagots 
and Torches, of which Number is Nonius Marcellus^ who fays : The 
Malleoli are little Bundles of Brootn^ which being daubed over^ or dip- 
ped in Pitch and firedy are thrown upon the Roofs of Buildings. Fefius is 
to the full as much miftaken; fays he : Not only /mail Mallets are cal- 
led Malleoli; but thofe aljb which are contrived to fet fire to Buil- 
dings^ and are made after the Fafimn of the Firfi. But Herodianus ex- 
plains himfelf much better when he fpeaks of the Form of the Mal- 
leoli ; tho’ by the way he confounds them a little with the T orches 
for he fpeaks thus of them in Lib viii. where he gives an 'Ac- 
count of the Siege of Aix. But the Machines being advanced^ they 
threw Torches at them^ which were coated over with Pitch and Ro- 
fin^ with a jkarp Point at the Ends of them-t and which being lighted 
and throwny jluck in the Machines, and eafily burrid them. But of all the 
Authors I ever perufed, I never met with any, that gave a more perti- 
tient and rational tlefcription of them, than Ammianus^ who writes 
to this Effed. -j- The Malleolus, a kind of ArroWy is formed thus : It 
is an Arrow made of Cdne^ which between the Cane or Reedy and the 



t Ammian. Lib. XXllI. 



Head 
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Head^ or Pointy is armed 'with ati Iren federal times doubled^ and rr.adi 
like a Woman's Dijiaff : Phe Belly of it is finely hollowedy and it is laid 
open or pierced in fe'ueral Places^ and the hollo'w Trunk of it being filled 
•with Combufiible Mattery and Jiredy and jket eafily from a large BOw 
(for if it be violently dimijfedy the Fire of it •will be extinguifi:ed) it •will 
burn •whatever it flicks in\ and if Water be thro'wn upon ity it only ferves 
to make it burn the fiercer y nor is there any means <f fuppr effing ity but by 
the Superinjediion of Dufi. The Parenthefis in this Quotation, in which 
he gives us to underftand that a violent Agitation or a fwift Flight 
would put out the Fire of the MalleoluSy may give us an Idea, of how 
much it flood in need of our Saltpeter, and Gun-powdery whofe Fire 
is Proof againft all Attempts of Wind or violent Motion, and is fo 
far from being impaired by either of them, that they only ferve to ir- 
ritate it the more. Again; Vegetius fpeaks of the almoft to 

the fame Purpofe, namely, * The Malleoli are like Arrows, and becaufe 
they carry Fire •with themy they bum whatever they flick in. AEne : a very 
Ancient Author calls them limply Fire-Arrows or Darts, as may be 
learned from Ifaac Cafaubon'^ Tranflation of him into Latin, where he 
renders them Sagitfa igniferce ; Igniferous or Fiery Darts. 

This is what I had to fay of (fit Fire-Arrows or Darts of the An- 
cients : It now flands me upon to give you fome Account of Ours, and 
to teach you the Conflrudtion and Preparation of them. You have 
three Sorts of themin 222, 223, and 224. The Conflrudtion 

of the firft of them is thus. Make a little Bag or Purfe of the bignefs 123, 2*4* 
of a Goofe’s or Swan’s Egg, (which may be either longilli or perfedt- 
ly Round, as we formerly fpecified with Relation to Fire-Balls) and 
fill it with a Compofition made of 4 lb of purified Saltpeter ; i lb of Sul- 
phurs I lb of Meal Powders flikoi Camphirey C otophone. 

Or elfe: take^ lb of Saltpeter ; 2 lb of Powders 1 lb of Sulphur-, Ibis 
of Colophone. Or this Third Compofition which is as good as either of 
the Two former (w«.) 8 lb of Saltpeters 6 ib of Powder and 4 lb of 
Sulphur. Having filled your Bag, bore an Hole thro’ the Body of it ; 
through which you mufl run a common Arrow or Dart, in fiich Man- 
ner that all the Head or Iron may projedt out beyond it; then right 
under It drive a Wooden Peg athwart the Subftance of the Arrow, or 
elfe flop it with two or three Nails that it may be immoveable, and in 
no danger of flipping down to the Feathers during the Flight of the 
Arrow, or when the Head of the Arrow flrikes againfl any Refifling 
Objedt. 

This done; lace it as you fee in the Figure, and after the Manner 
we formerly fpecified in fpeaking of Fire-Balls ; and coat it over with 
Pitch mixed with a little Meal Powder, and fire it by two fmall Vents, 
near the Head of the Arrow, and Ihoot it where-ever you pleafe with a 
common Bow or a Grofs-Bow. 



V«gct. IV. Cap, xyiii. 



Of 
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Of the two other Darts i that which you fee in Fig. 223 has a Con- 
cave Spherical Head, which ufually iiiclofes a Hand-Grenado or a Fire- 
Ball. In fliorr, the Third has a certain Box or Cartouch at the End of 
it, which is to be filled with ‘one of thofe Compojitions wc have given 
you in the preceding Part of this Chapter. The curious Pyroholijl will 
find more of them in Brechtelius^ Part II. Chap. III. In Ufanus, Prea- 
ii/e IIL Chap.XXlU. In ffanzelet, Page 162. \n “J erome Puffely Page 
48, and in fcveral others who have amplified pretty prolixly upon this 
Head. 

The Sequel of this Chapter fliall illuftrate the Ufe of Fire-Darts ; 
which indeed are not greatly in Efteem with us, and are, by ibme fhal- 
low-wittcd Perfons, lidd to be but aukward Contrivances for convey- 
ing Fire into any Place ; but perhaps they are difiiked, becaufe there 
has been no Opportunity of ufing them in our Modern Sieges. How- 
ever this be, we arc informed by Vfanus (^in Preat. Ill- of his Artillery^ 
Chap. XXIII.) that the Spaniards found very fuccefsful Service from 
them at the Sieges of Tpres and OJiend : But were I to trace up the Hi- 
ftory of thefe Weapons a little more remotely, I might produce an in- 
finite Number of Examples to convince you that their Utility is admira- 
ble, and their Service by no means delpicable. But not to fweil out 
this Chapter with the copious Evidence I could introduce ; I fhall con- 
tent myfelf with what Martin Cromer relates j who fpeak'ing of the 
mighty Exploits of the Poles before the Town of Chinke, befieged by 
King Cajimir in the Year 1466, N. S. writes thus : Not long after our 
(meaning the Poles) jhot Fire-Arrows i?ifo the Pawn under the Co- 
vert of the Night., by which Means one garter of the Town was reduced 
to AJhes, and all their Wheat dejlroyed. You will find a thoufand Exam- 
ples of this Kind in other Authors. But if ever they can be ufed to 
any very great Purpofe, it muft certainly be in Sea-Fights, to fet Fire 
to the Enemy’s Sails and Rigging, and efpecially when they are headed 
with a lharp Iron, In truth, I believe there can be no Weapon more 
pernicious upon foch Occafions than thefo j for if they once ftick in the 
Sails, &c. it will be very difficult to pull them out again j fo that they 
muR burn on without Interruption j and it would be impoffiblc to cx- 
tlnguifli them without clewing up the Sails ; during which I leave 
you to judge, whether or no an Enemy might not eafily board, and 
overpower a Ship’s Company, which is under the confufed Appre- 
henfions of feeing their Ship either burnt, or difabledi for (pray) 
what is any Veflel (which does not go with Oars) when ftripped of her 
Sails, and in the midft of an Engagement, but a Bird without Wings, a 
Man without Hands or Feet, or a Body without a Soul ? In fine, all 
thefe Arrows may be (hot into befieged Places without being fired; 
thereby to furprize the Inhabitants the more, when they lhall fee fuch 
fiiddcn and unexpefted Ruin falling upon them: But to do this artfully, 
you muft ftick little pieces of lighted Sponge (fuch as we taught you to 
prepare in Book II. Chap. XXVlII.) into the Vents of your little Bags of 
6 Com- 
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Compofitiony or into the Vents of the two others; the Ufe, anjl'^Ncceffity 
of which will come to you by Experience. 



CHAP. IX. 

0/ F I R E-L ANCES or PIKES. 

/^U R Fire-Lances are not unlike a Sort of long Javelins, which were 
anciently called FbalariceCy and were ufually Aot at the Enemy by 
LngineSy or thrown by Hand. Hear what Vegetius fays, concerning the 
firft Way of projedling them : That if the Inhabitants dared not Jiir out, 
they the more outrageoufy defended themfelves with Malleoli and Phalarics^ 
which they Jhot faming from the Balifla. We lhall fpeak of the fecond 
Way of difmiffing them a little lower. Let us firft fee what we can ga- 
ther from Authors concerning the Form, Preparation and Effefts of 
them. The above-quoted Author, after having deferibed the Malleolus, 
writes to this Purpofe. -f* The Phalarica is a kind of Spear, armed 
with a great Iron Head, between which and the Staff it is wrapp'd round 
withFofin, Bitumen, and Tow fleeped in Oil which is called and 

being foot from the Balifta, ficks in any Wooden W wks, and frequently 
fets Fire to the Machina Turrita. Titus Livy tells us, that the Phala^ 
rica was properly a Saguntine Weapon. | The Saguntine Phalarica was 
a Projebiile favelin with a long Staff, being armed with Fire (Tow and 
Pitch) and an Iron Head of three Foot in Length', that it might penetrate 
through any Armour, and pierce the Body, and that if it only fuck in the 
Shield, and did not hurt the Body at all, it might create Fear, Lipfius 
adds to this PalTage in Livy : This is a terrible Weapon, both in the Blow 
it gives, and to look at j however, what was it but the Lightning that pre- 
ceded our Modem Thunder ? Silius alfo mentions the Saguntine Phala* 
rica from Livy, 

Armavit claufos, Gf portis arcuit hofem, 

Librari multa confueta Phalarica dextra, 

Horrendum vifu robur, celffque nivofa 
Pyrenes trabs le6la jugis cut plurima Cufpis, 

Vix muris toleranda lues, fed catera pingui, 

XJnIta pice, atque atro circumlita fulphure fumat, 

Fulminis hac ritu fummis ^ manibus arcis 
Incita fulcafum tremula fecat aera famma. 

In Engliff thus : 

With a Phalarica, whirl’d by many Hands, 

The brave Befieg’d repell’d the hoftile Bands, 

i Decad. II. Lib. I. 
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t Veget. Lib. IV. Cap. XV III. 
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Back from Gates, it was a mighty Oak, 

Strange to behold j which for Defence they took 
From th’ Pyreneean Hills. This arm'd around. 

With bearded Spikes of Steel , would fcarce have found 
Obftruftion from firm Walls. The reft befmear’d 
With Sulphur, and with undluous Pitch, appear’d 
Like a dire Thunder-bolt, and from the Walls 
Of their ftrong Ramparts down it fwiftly falls. 

Cutting with Quivering Flames the yielding Air. Pojs, 

Lvean alfo in his Pbarfaliay Lib. VI. verf. 196, mentions the Phala- 
rica after a very Poetical Manner. 

The Majeftic P^ifgii fings as follow of this frightful Weapon, in Boek 
IX. of his Mmid. 

Non jaculo neque emm jaculo vitam tile dedijfet, 

Sed magnum Jlridens contorta Phalarica venity 
Pulminis a 0 a modoy quam nec duo taurea terga^ 

Nec duplici fquamma lorica Jidelis & aurOy 
Sufiinuiti collapfa ruunt immania membra: 

Dat tellus gemitumy & clypeum fuperintonat ingem^ 

Ih EftgUJh thus: 

Not by the feeble Dart he fell opprefs’d, 

A Dart were loft within that roomy Breaft. 

But by a Pbalark\ large, heavy, ftrong j 
Which roar’d like Thunder as it whirl’d along. 

Not two Bull-hides th’ impetuous Force withhold ; 

Nor Coat of double Male with Scales of Gold. 

Down funk the Monftei-Rvilt arid pirefs’d the Ground, 

His Arms, and clatt’ring Shield on the vaft Body found. Dryden. 

commenting upon this Paflage mVirgtly gives us a particular 
Account of the Conftrudtion and Form of this Weapon. It is a large 
Arrow turned in a heathy with an Iron Head of a Cubit longy at the 'End 
of which is a kind of Ball laden with Lead: It is faid to have Fire added 
to it by means of ^ow fieeped in Pitch i and being infiamedy defrays the 
Enemy by the Wound it giveSy or the Fire it carries along with it. Ibis 
Spear was thrown from Powers which were called Phalae, from whence it 
was termed a Phalarican Arrow or Javelin, to difinguifh it from the Mu- 
ral Arrows winch were jhot from Walls. 

Pacitus in many Places calls them Hafia ArdenteSy or Fire-Lances or 
Pikes y which Appellation of them we retain, by the common Confent 
of all Pyrotechnicians and Pyrobolifls: For the Italians call them Dardi 
de Fuoco'y the French, des LdnCes & Piques a Feu ; the Germans, Fewer 
Pickeny the Flemings, Vyer-Spifen ; and in ftiort, we ( the Poles') call 
them Ognifa Wlocznie or Kopue, 

2 



If 




Book V. Of the Great Art of Artillery. 403 

If you would fee the Faftiion of our 'Bire-Lances^ pleafe to caft your 
Eye upon Fig. 229. As for the Conftrudtion of them, it is the fame I Fig- 
directed for ^^ Fire-Arrows and Darts of the firfl Kind : There is on- 
ly this Difference between them, {viz.) That thefe are armed with a 
good Number of Iron Crackers prepared after the common Method ; in 
which Refpedl they far exceed the Phalarica of the Ancients : Or oti 
the contrary it is in Refped of this, that the Fbalarka exceeded our 
Lances \ for we fhould find it a moft difficult Matter to (hoot them when 
prepared after our Way from our Artillery \ as the Ancients were ufed 
to do from their Balijia and Catapulta^ as appears by the Teftimony 
of the Authors above-quoted. 

But on the other hand we have Fires that are more Artificial than the 
PhalariccCy and which we can projed: from our Cannon^ Mortars^ &c. 

With thefe Lances we commonly arm our Men in Attacks and Storms, 
and in boarding of Ships : And indeed it is a terrible Weapon, if we 
rightly confider the horrid Execution it docs j for only imagine that a 
Soldier who carries one of them is armed with as many Pijlols as his 
Lance has Iron Crackers in it j and confequently when he is thus armed, 
he muft do as much Mifchief as feveral Mufquetcers. Farthermore, it 
muft be confidered that thefe Lances may not only annoy and gall the 
Enemy with Powder and Balf but alfo knock them down, and gore them 
with the Staff and Head : Add to all which, that if the Effort be made, 
or the Attack carried on in the Night, they will ferve to give a Light, by 
which may be difeovered any lurking Ambufeades of the Adverfe Party. 



G H A P. X. 

Of MILITARY FIR E-C A S E S. 

I Here give you only one Sort of the Military Fire-CafCy which you 

have in Fig. 226; and which in point of Form is exadly like the Fig. iz6* 
Recreative Cafe m Fig. 195. And for my part, I cannot fee why we 
fhould not apply our Recreative Cafes to Military Ufes; by ftripping 
them of their innocent and diverting Nature, and in the Stead of that, 
Xubftituting fomething of deftrudive Effed, (viz.) Hand-Grenado'Sy 
Crackers^ &c. as you may obferve in the Figure itfelf, where inffead of 
Paper Cr acker s^ I have firmly fix’d others of Iron. Thefe differ from 
the Recreative Sort in another Refped, (viz) That they are portable, 
as well as the Fire-Lances above-deferibed. Upon the whole, I fhall 
only remind you, that all thefe Crackers are to be fix’d foas to difeharge 
thcmfelves diredly upon the Enemy; 

CONCLUSION and APOLOGY. 

Here (Candid Reader) you have the firft Fffay of my Artillery com- 
pleared ; which I have performed with all the Care and Accuracy the 

Weak- 
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XlWeaJcncis of our.Namre would vWrmit, If you and other worthy Per* 
foas can collet any thing ufcful irom it j I lhall jiever repent me of the 
Trouble imd Expence I have been at, nor of the great Portion of my 
^oA valuable Time which has been taken up in the Profecution of tliia 
Wpfi : But very for to the contrary j if I could know, that my Labour 
meets with a kind Acceptance from you, your Approbation would ex- 
cite me to attempt fomething of a more exalted Nature, and more wor- 
thy of you : All this is but the Prelude to what I meditate, if it be the 
Will of Heaven to fecond my Defign. I indeed mull own, that I have 
omitted a great many Things in this little Work, as well in the Recrea^ 
five as Serious Part of it j but it was through a Contempt of them, and 
not ignorantly, that I palTed them over ; or fome of them I thought he 
to lay afide for another Opportunity, and for other Reafons j to which I 
might add the Importunity of the Printer, who would never let me reft. 
Infiim, if I have any where fallen into Error, or if I have not given all 
die requilite Graces and Embellilhtncncs to fome particular Subjects ( in 
which I know myfclf to have been often wanting) I ask your Pardon for 
it. I am neither afraid nor alhamed of Reprehenlion, if it be given in a 
Friendly Manner : But as for rancorous Critiques (the Spawn of Envy 
and Ill-Nature) I laugh at them, inllead of railing. But whither am I 
running to? Would it not have been more prudent in me to have re? 
ibained my Pen, and by my Silence to have preferved the good Opinion 
my Friend had conceived of mej than to give into fuch Flights, with 
Relation to an Af&ir in which many Arts and Sciences are concerned} a- 
midft the Multiplicity of which,, it is not impoffible but I may have 
been bewildered, and at a Lofs ; and confcquently have laid myfdf toa 
open to the ungenerous Attacks of the Malevolent^ Yet all this gives 
me no Trouble} for I hope, my real Friends will have it in their Power 
to fupprels the Calumny, and repel the unmanly Efforts of the Igno* 
rant and witti wlioiu u wcic. «n no Purpofe to contend, ex- 

cept I put myfclf upon a Level with them. In a Word, no overween- 
ing Fondnefs of my own Productions can ever blind me fo effectually as 
to prevent me from being convinced of their Imperfections ; I know and 
confefs that I am but a Man, and confcquently fubjeCt to errj and to 
lay the Truth, all Human Performances are very copioufly interfperfed 
with Folly, Rafhnefs, Superftition, G?c. and amongll them I am very 
well contented that mine ihould be ranked ; To fpeak and conclude with 
Scaligeri 

To the Beginning without Beginning s to the End without Ends to the 
Day without Nights to the Workman without Hire % to the Creor 
tor without Expence s to Knowledge without’Difeiplines to 
the Triumpher without Wars to Perpetuity without 
Momcyitss he aferibed all Praije^ Mighty 
jtjly^ and Dominion^ both now om for 
e^jermore. 

FINIS. 




